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ABSTRACT
Hie primary purpose of this study was to determine the effects of 
six training programs on the development of power in projecting light 
and. heavy objects in an underhand throw. A second purpose was to investi­
gate the effects of the six training programs on endurance in the pro­
jection of light and heavy objects. An incidental purpose was to analyze 
the development of strength by all participating groups. Finally, the 
study sought to analyze the relationship between strength and velocity.
lhe study included ninety male freshmen enrolled in physical 
education weight-training classes at the University of Southwestern 
Louisiana, Lafayette, Louisiana. They were randomly divided into six 
groups of fifteen subjects meeting three times weekly for five weeks.
All groups performed their routines while strapped into specially 
designed chairs. Group I practiced thirty simulated underhand throws 
with no resistance; Group II also performed this routine plus forty-five 
softball throws; Groups III and V both executed thirty simulated throws 
with five and ten-pound resistance, respectively, on pulley weights;
Groups IV and VI performed thirty simulated throws with five and ten- 
pound resistance, respectively, on pulley weights in addition to per­
forming forty-five softball throws. Subjects were pre- and post-tested 
for strength and for softball and weighted-ball velocity over seventy- 
five throws.
The data were analyzed for significant gains in each group for 
each variable by correlated t-tests. Analysis of variance with orthog­
onal comparisons was used to analyze the training effects on strength
xiii
and weighted-ball velocity, and softball velocity was analyzed by co- 
variance. In addition, analysis of variance and orthogonal regression 
were employed to analyze endurance performance. Correlation coeffi­
cients were computed to determine relationships among the variables.
The results of the study indicated that:
1. Training by simulating throwing against resistance or by
throwing with or without supplementary simulated throws 
against resistance will bring about improvements in velocity 
and endurance in throwing light and heavy objects.
2. Training involving actual throwing is more effective in
developing velocity iu throwing a light or heavy object 
than training by simulating throwing. However, the use of 
resistance while simulating throwing appears to be as effec­
tive in Improving velocity as throwing with and without 
supplementary strength training.
3. The greatest endurance is achieved in throwing light and
heavy objects by simulating throwing against a large 
resistance and by throwing.
Greater gains are made in strength when the resistance used 
in training is increased.
5- A higher relationship exists between strength and velocity 
when initial performances are correlated than when gains 
in performance resulting from training are correlated.
xiv
CHAPTER I
DTCROBUCTION
It Is generally well-known that muscular strength, power, and mus­
cular endurance are Important variables In physical performance, not 
only in physical education activities and athletics, hut also in everyday 
living. Authorities in our field have cited these variables as definite 
factors in quality performance in any of these areas.
One of these variables, power, is considered to be a basic ccm-
i
ponent of success in athletic skills. As a mechanical principle involving 
force times velocity, it is very important in those athletic events which 
involve the projection of the body or an implement for maximum velocity.
It has been found that the development of strength is generally 
accompanied by a corresponding improvement in power. Both isometric and 
isotonic training methods have been proven to be equally effective in 
developing strength. The improvement of endurance performance has also 
been attributed to these methods. However, the effect of strength training 
and/or speed training on the development of power in projecting both light 
and heavy objects has not been investigated. Is it really more beneficial 
to improve strength in a movement involving a light or heavy projectile, 
or should one practice the specific task using the actual object to be 
projected? How does the combination of strength and speed training affect
John F. Bovard, et al., Tests and Measurements in Physical 
Education (Philadelphia: W. B. Saunders Company, 19^9), p. 13d.
power development? Is either of these two methods, or "both, conducive 
to the improvement of endurance performance; that is, can an individual 
develop power in a movement which will be consistently maintained for 
a specified duration?
In view of the lack of evidence in the literature to substantiate 
the effects of either strength training or speed training on the develop­
ment of power in projecting light and heavy objects, it seems that a 
study designed for this purpose is warranted.
I. STATEMENT OF THE PROBLEM
The study was directed toward the following problem: What are 
the best methods for improving power and endurance? Are training pro­
grams involving actual throwing more effective than strength training 
programs, and what are the comparative effects of combinations of these 
two basic types of programs with regard to power and endurance?
II. PURPOSE OF THE STUDY
The purpose of this study was to determine the effects of six 
training programs on the development of power in projecting light and 
heavy objects in an underhand throw. A Becond purpose was to investi­
gate the effects of the six training programs on the development of 
endurance in the projection of light and heavy objects. An incidental 
purpose was to analyze the development of strength by all participating 
groups. A final purpose of the study was to determine the relation­
ships between the mean gains in strength and power.
3III. DELIMITATIONS OF THE STUDY
The study was limited to a period of eight weeks with the subjects 
training three times weekly for five weeks. Ninety male freshmen enrolled 
in the required physical education program at the University of South­
western Louisiana, Iafayette, Louisiana, participated. Only right-handed 
subjects were used to facilitate testing and training procedures.
As a control factor, the underhand throw was limited only to hyper- 
extension and flexion of the right arm at the shoulder joint from a seated 
position. The velocity for the seventy-five throws was computed using the 
horizontal distance that the projectile traveled.
IV. LIMITATIONS OF THE STUDY
Although the subjects in the study were requested not to engage 
in activities outside the activity class, this could not be controlled 
by the investigator. A further limitation was that the projection 
angle of forty-five degrees for the underhand throw in both the training 
and testing procedures was dependent upon the subject's ability to 
perform the throw at the desired angle using the angle guide provided. 
Although the subjects were continually reminded to throw with maximum 
force for each of the seventy-five throws, their motivational level 
may have affected their performances, particularly when throwing the 
heavy object.
V. DEFINITION OF TERMS
k
Isometric contraction. Tension developed by a muscle which is 
insufficient to move a body part against a given resistance causing
p
the length of the muscle to remain unchanged.
Isotonic contraction. Tension developed by a muscle which is
sufficient to overcome a resistance so that the muscle actually shortens
a
and moves a body part.
Muscular endurance. For the purpose of this study, the ability 
to maintain maximum velocity over seventy-five throws.
Muscular strength. The ability to exert tension againBt resist­
ance . This ability depends essentially on the contractile power of 
muscular tissue.^ "
Power. The rate at which work Is done. It involves force times 
velocity.** Since the weight (force) of the projected object was the same 
for all subjects, only the velocity was used in the statistical analysis.
2
Philip J. Kasch and Roger K Burke, Kinesiology and Applied 
Anatomy (second edition; Philadelphia: Lea and Febiger, £963) jP- 71*
3
Ibid.
k
L. E. Morehouse and A. T- Miller, Physiology of Exercise 
(St. Louis: The C. V. MoBby Company, 1967)* P*
^Rasch and Burke, op. cit., p. 162.
Underhand throw. This was an underhanded throw with the right 
arm. The movement was limited to hyperextension and flexion of the 
arm at the shoulder joint while the subject was seated in a chair.
CHAPTER II
REVIEW OF THE LITERATURE
For the purpose of this study, the review of the literature was 
divided into three categories: (l) Studies Related to the Development
of Throwing Power; (2) Studies Relating Strength to Power and Muscular 
Endurance; and (3) Studies Related to the Development of Strength, Power, 
and Muscular Endurance through Isotonic Training.
I. STUDIES RELATED TO THE DEVELOPMENT OF THROWING PCWER
Eighteen high school baseball players participated in a study 
designed by Minor1 to Investigate changes in arm strength and throwing 
power. Six subjects were assigned to each of three groups. Group I was 
the control group and did nothing; Group II threw a two and one-half pound 
weighted baseball; and Group III simulated the throwing motion with a four- 
pound dumbbell held in the hand. After fourteen training sessions in five 
weeks, it was found that Group II showed the greatest improvement in power. 
It was also found that Group III gained in strength while the other groups 
did not.
2
Hooks studied the effects of a weight-training program upon the 
baseball performance of thirty college freshmen students at Wake Forest.
■^ Donald Minor, "The Effect of Weight Training on the Throwing Power 
of High School Baseball Players" (microcarded Master's thesis, University 
of Wisconsin, Madison, 195&).
2
Gene Hooks, "Weight Training in Baseball," Athletic Journal 
(December, 1959 )> PP* te-Mu
6
7Subjects were administered tests for wrist, elbow, and shoulder strength, 
the baseball throw for distance, and hitting a baseball for distance.
The training program consisted of weight training far six weeks with no 
baseball activities. The results of the study revealed that significant
gains were made only in the baseball throw for distance.
3
Barrow Investigated the relationship between antagonistic muscular 
strength of the arm and shoulder girdle and the softball throw for 
accuracy and distance. Two equated groups of fifteen Junior high school 
boys participated in the study. A spring balance dynamometer was used 
for testing strength. The softball throw for accuracy was measured over 
a distance of twenty feet, and a softball throw for distance was also 
measured. The experimental group participated in a progressive-reslstance- 
exercise program for the antagonistic muscles involved in throwing and in 
the regular physical education classes. Control subjects participated 
only in the physical education classes. Following a six-week training 
program, the experimental group had made significant gains in strength 
and accuracy over the control group. No significant gains were made in 
the softball throw for distance.
Twelve college baseball players participated in a study designed
2±
by Rowlands to determine the effect of weight-training exercises on
^Robert A. Barrow, "Effect of Strength Development of Antagonistic 
Muscles on Throwing Performance" (unpublished Master's theBis, University 
of California, Los Angeles, 196q) .
4David J. Rowlands, "The Effect of Weight Training Exercises Upon 
the Throwing Power and Strength of College Baseball Players" (unpublished 
Master's thesis, University of Wisconsin, Madison, 1962).
the development of strength and throwing power in the overarm throw.
Two groups practiced routine baseball shills. One of these two groups 
also perfarmed weight-training exercises. Tests were administered for 
both strength and power. Strength of the shoulder-medial-rotator-muscle 
group was measured by the cable tensiometer. The power test involved a 
measure of velocity over a distance of one hundred feet. After training 
three days weekly for five weeks, the essperimental group showed signifi­
cant improvement over the control group in both strength and power. 
However, a non-significant relationship was found between strength and 
power before and after the training period.
Bass'’ used four groups of twenty subjects in studying the effects 
of isometric exercises on underhand throwing ability. One group trained 
isonetrically by performing two leg exercises and three dominant-am 
exercises of ten-second durations. Another group threw eighty softballs 
underhanded for maximum distance. A third group performed both the iso­
metric and throwing routines. All groups, including a control group, 
also participated in physical education activity classes. Strength and 
velocity tests were administered before and after a six-week training 
program. It was found that the exercise group did not perform any better 
than the no-exercise group. However, the exercise group was able to 
maintain maximum distance in the eighty throws for distance, whereas the 
no-exercise group declined in performance.
^Buford H. Bass, "The Effects of Isometric Exercises on Underhand 
Throwing Ability" (unpublished Doctoral dissertation, Louisiana State 
University, Baton Rouge, 1965).
Thompson and Martin studied the effects of a weight-training 
program on the throwing velocity of a baseball. Twelve college varsity 
baseball, players trained with weights In addition to regular baseball 
practice. Exercises consisting of the clean and press, straight-arm 
pullover, supine press, and alternate dumbbell press were performed 
three days weekly for four weeks. Resistances were progressively 
increased for each exercise whenever fifteen repetitions could be 
executed. The control group consisted of ten college varsity baseball 
players who engaged only in the regular baseball workouts. Significant 
increases in the velocity of the baseball throw were made only by the 
weight-training group.
Logan and associates'^ conducted a study concerning the effects of 
two training programs on the velocity of a baseball. Twenty-one college 
varsity baseball players participated in the six-week study. Each group 
consisted of seven players. Group I trained with the Exer-Genie simulating 
the overhand baseball throw with a set resistance of two and one-half 
pounds. The movement was executed thirty times per training session, 
five days a week. Group II threw a baseball in the overhand fashion 
thirty times daily, five days weekly. Group III was the control group 
which only participated in pre-tests and post-test s. The velocity of
C. W. Thompson and E. T. Martin, "Weight Training and Baseball 
Throwing Speed," The Journal of the Association for Physical and Mental 
Rehabilitation (November-December, 1965), pp. 19^-196.
7
Gene Leg an, et al., "Effect of Resistance Through a Throwing 
Range- of-Mot ion on the Velocity of a Baseball," Perceptual and Motor 
Skills (August, 1966), pp. 55-5 8.
10
each throw was measured over a distance of fifteen feet, one end one-half 
Inches. The statistical analysis revealed a significant increase by the
Exer-Genie group over the other two groups.
8Straub designed a study to determine the immediate and long- 
range training effects of employing systematic overload in conjunction 
with various speed and/or accuracy emphases to the overarm baseball throw. 
Sixty high school boys participated in a two-week program for determining 
the Immediate effects of overload on speed and/or accuracy. Forty-eight 
high school beys participated in a six-week program to determine the 
long-range effects of overload on speed and/or accuracy. In both programs 
experimental groups threw ten and fifteen ounce baseballs twenty times 
per session while control groups threw only regulation baseballs. All 
groups threw for either speed or accuracy, or both speed and accuracy.
Tests were administered for both speed and accuracy. The results indicated 
that no significant gains were made in either velocity or accuracy by any 
group in both the immediate and long-range programs.
Logan and McKinney^ studied the effects of progressively increased 
resistance through a throwing range-of-motion on the velocity of a base­
ball. Eighteen male subjects were divided into three equal groups. Group I
William F. Straub, "The Effect of Overload Training Procedures 
Upon the Velocity and Accuracy of the Overarm Throw" (unpublished Doctoral 
dissertation, University of Wisconsin, Madison, 1966).
9
Gene Logan and Wayne McKinney, "Effect of Progressively Increased 
Resistance Through a Throwing Range-of-Motion on the Velocity of a Base­
ball, * Journal of the Association for Physical and Mental Rehabilitation 
(January-February, 1967) > PP* 11-12.
11
trained by pulling a baseball attached to the Exer-Genie through his 
normal, overhand throwing range-of-motion thirty times dally, five dayB 
a week. She resistance was set at two and one-half pounds during the 
first training week and increased one pound per week during the remainder 
of the four-week training period. Group II trained by throwing thirty 
times daily, five days a week for four weeks. Group III participated 
only in the initial and final testing. Velocity was measured over a 
distance of fifteen feet, one and one-half inches. Mo significant dif­
ferences in velocity gains were found paaong the experimental groups.
Twenty-one freshmen baseball players were randomly placed into 
three groups of equal size by Brose and Hanson.^0 Two groups supple­
mented a baseball throwing program by specific overload training. One 
of these groups threw weighted baseballs of ten ounces while the other 
used a regulation baseball attached to a pulley device having ten pounds 
of tension to resist the mechanics of throwing. The control group simply 
threw regulation baseballs at a specified target. The training period 
consisted of three sessions per week for six weeks. The results showed 
significant increases in velocity by both experimental groups but no 
significant differences between them.
10D. E. Brose and D. L Hanson, "Effects of Overload Training on 
Velocity and Accuracy of Throwing, " The Hesearch Quarterly (December, 
1967), PP. 52^533. .
12
II. STUDIES RELATING STRENGTH TO POWER AMD MUSCULAR ENDURANCE
nIn a study by Rasch In 1954, the power of segments of the arm of 
twenty-five subjects was measured and correlated with certain anthropo­
metric measurements of the arm to determine the relationship of the 
strength, weight, and length of these segments to power initiated by 
voluntary movement. The experimental findings showed no statistically 
significant correlations between power involved in voluntary movements 
of the hand, forearm, and arm, and measures of weight, length, and
strength of the arm and its segments.
IPHenry and Whitley performed two experiments with college men 
in which a lateral arm movement of approximately ninety degrees, involving 
about four feet of hand travel, was made at maximum speed. The movement 
time, the effective arm mass, and the static dynamometer strength of the 
muscle were measured for each subject. There was no significant correla­
tion between static strength and power as computed from arm mass, distance, 
and movement time.
Henryk conducted a study in which the speed of a 120 degree 
lateral arm movement was measured at seven consecutive timing stations
■p. J. Rasch, "Relationship of Arm Strength, Weight, and Length 
to Speed of Arm Movement," The Research Quarterly (October, 195*0 > PP- 
328-332.
*^ F. M. Henry and J. D. Whitley, "Relationships Between Individual 
Differences In Strength, Speed, and Mass in an Arm Movement," The 
Research Quarterly (March, i960), pp. 24-33*
13F. M. Henry, "Factorial Structure of Speed and Static Strength 
in a Lateral Arm Movement," The Research Quarterly (October, i960), pp. 
440-447.
13
spaced at approximately seventeen-degree Intervals. Measurements of arm 
strength and effective arm mass were also secured from the thirty-six 
college men and thirty-six college women in the study. Analysis of data 
revealed that static strength available for a movement and the power 
generated in the movement were correlated to a slight degree.
Clarke^ compared movement time and strength/mass ratio in a study 
involving forty-eight male university students enrolled in elementary 
physical education classes. A non-significant correlation was found 
between the movement time of the arm and the strength/mass ratio, 
although strength alone correlated somewhat higher and significantly 
with movement time.
Smith; ^  using seventy male college students; made measurements of 
maximal speeds of arm swings in the horizontal plane and stiff-leg kicks 
in the vertical plane for both the forward and backward directions.
Static strength in the movement positions was also measured. Anthro­
pometric measurements included effective arm and leg mass as well as 
limb lengths; stature; and weight. It was found that there was a low 
but consistent tendency for strength of limbs to be related to amount of 
limb mass; but individual differences in speed of limb movement were
^David H. Clarke; "Correlation Between Strength/Mass Ratio and 
the Speed of an Arm Movement;" The Research Quarterly (December; 1960); 
pp. 570-57^.
^L. E. Smith; "Individual Differences in Strength; Reaction 
Latency; Mass and Length of Limbs and Their Relation to Maximal Speed 
of Movement," The Research Quarterly (May, 1961), pp. 208-220.
ih
almost completely unrelated, to measured static strength or to the 
ratio of static strength to limb mass.
The leg strength of seventy college men vas measured In a 
position designed by Smith1^  to involve the power thrust of the major 
muscle groups used in the vertical jump. The subjects then performed 
a modified Sargent Jump that used no arm snap. The results revealed 
no significant relationship between vertical jumping ability and leg 
strength.
17In a joint study by Smith and Whitley, tests were made with 
the hand carrying weights of 0 .2, 3 .1, and 16 .6 kilograms during a 
seventy-two degree horizontal adductive arm swing of maximal speed 
timed at twelve-degree intervals. The first twenty-four degrees of 
movement exhibited declining acceleration, followed by linearly in­
creasing acceleration for the twenty-four to sixty-degree interval, and 
deceleration for the next twelve degrees. Action strength computed 
from acceleration was much greater with the heaviest weight than static
VS+
strength in the movement position but considerably less with the lighter 
weights. The correlation between static strength and speed was quite 
low for the normal arm swing but increased with added weight for 
resistance.
E. Smith, "Relationship Between Explosive Leg Strength and 
Performance in the Vertical Jump," The Research Quarterly (October, 
1961), pp. 1*05-1*0 8.
■^ L. E. Smith and J. D. Whitley, "Velocity Curves and Static 
Strength-Action Strength Correlations in Relation to the Mass Moved 
by the Arm," The Research Quarterly (October, 1963), pp. 379-395-
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Berger and Henderson designed a study to determine whether 
static or dynamic leg strength was more related to. leg power. The data 
acquired through the participation of sixty- six male college students 
showed that both dynamic and static leg strength were significantly 
related to leg power with no significant differences between the two.
Bates‘S  conducted a study to determine the relationship of strength 
to power as initiated in the supine press utilizing various workloads.
Fifty male subjects were tested in the supine press for static strength 
and power with resistances of zero, one-fourth, one-half, and three- 
fourths of individual maximum strength. The results indicated that 
strength was significantly related to power when one-half and three- 
fourths of individual ma-xtnvnm strength were employed as resistances. It 
was further determined that increasing the resistance to one-half and 
three-fourths of maximum strength yielded significantly better power 
scores for the low-strength group as compared to the high-strength group.
Static supine-press strength scores of one hundred male subjects
20
were compared by Cavalier to various measures of power in the Bupine
3jSRichard Berger and Joe Henderson, "Relationship of Power to Static 
and Dynamic Strength, 11 The Research Quarterly (March, 1966), pp. 9-13*
■*-9James D. Bates, "Relationship of Strength and Speed of Movement 
Against Resistance of Various Proportions of Maximum Strength in the Supine 
Press" (unpublished thesis, Louisiana State University, Baton Rouge, 1966).
20E. J. Cavalier, "The Relationship Between Strength and Power 
Measures Using Selected Proportions of Strength and Body Weight" 
(unpublished Master's thesis, University of Southwestern Louisiana, 
Lafayette, I968).
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press. It was found that when a standard weight of sixty pounds was
used as resistance for the power test, a significant relationship was
found between strength and power. When one-fourth, one-half, and
three-fourths of individual maximum strength were used, strength was
significantly and negatively related to power. The use of one-fourth,
one-half, and three-fourths of individual body weight as resistances
yielded significant and positive relationships between strength and power.
21
Elbel used 590 potential airline pilots in comparing leg
strength to leg endurance. A leg dynamometer was used for measurements
of strength and endurance. A low but significant correlation was
found between leg strength and leg endurance.
22Tuttle and associates used the hand dynamometer in relating 
strength to endurance. Two hundred subjects were measured for hand­
grip strength applied over a period of one minute. A graph was utilized 
for recording the readings over the one-minute interval. The average 
strength for the one minute was defined as the endurance score. Strength 
was found to be significantly related to endurance.
Tittle and associates^ conducted another study in which dynamometers 
were utilized for measuring maximum strength and endurance cf the back and
^■E. R. Elbel, "Relationship Between Leg Strength, Leg Endurance, 
and Other Body Measurements, 11 Journal of Applied Physiology, 2:197-20?, 19^9*
22W. W. Tittle, et al., "Relation of Maximum Grip Strength and Grip 
Strength Endurance," Journal of Applied Physiology, 2:663-670, 1950.
23w. W. Tittle, et al., "Relation of Maximum Back and Leg Strength 
to Back and Leg Endurance,^ The Research Quarterly (March, 1955); PP*
96-106.
leg muscles. Two iBcmetrie-muscular-endurance Indices were obtained:
an absolute index, as the total area of the contractile curve maintained
far a specified time; and a relative index., as the average strength
maintained for the given time. Significant correlations were found
between strength and both absolute and relative muscular endurance in
the back and leg muscles. 
ok
Irish verified Tuttle's findings in a study involving isotonic 
exercises. He used one-eighth, three-sixteenths, one-fourth, five- 
sixteenths, and three-eighths of maximum strength as resistances for. 
endurance tests. Significant correlations were found between the strength 
of the elbow flexors and their ergographic work output.
The flexor muscles of the elbows of thirty men were selected for
25study by Start and Graham to investigate the relationship of strength 
and endurance. Two measures of endurance were taken on a modified version 
of the Kelso He llebrandt Ergograph using different loading factors. An 
"absolute" endurance measure was taken with a common load equal to five- 
eighths of the mean maximum strength far all subjects. A "relative" 
endurance measure was taken with five-eighths of individual maximum 
strength representing each subject's load. A significant relationship
ok
Everett A. Irish, "Optimum Endurance Measurement of Elbow Flexor 
Muscles and the Relations of Strength, Anthropometric, and Fatigue 
Factors to Arm Strength Criteria" (microcarded Doctoral dissertation, 
University of Oregon, Eugene, 1958).
25
K. B. Start and J. S. Graham, "Relationship Between Relative 
and Absolute Isometric Endurance of an Isolated Muscle Group, 11 The 
Research Quarterly (May, 196k), pp. 193-204.
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was found between strength and endurance when the load was sufficiently
great to cause intramuscular vascular occlusion.
2 6
Martens and Sharkey designed a study in which twenty young men 
were tested in each of four strength and endurance tests utilizing elbow 
flexion. Both isotonic and isometric strength were determined. Isotonic 
muscular endurance was represented by the number of repetitions that could 
be performed with a resistance of three-eighths of individual iBotonic 
strength. Isometric endurance was defined as the amount of time the 
subject could maintain three-eighths of his maximum isometric strength.
No significant relationship was found between the respective strength 
and endurance measures nor between the two endurance scores.
III. STUDIES BELATED TO THE DEVELOPMENT OF STRENGTH, POWER,
AND MUSCULAR ENDURANCE THROUGH ISOTONIC TRAINING
27
In a study by Masley and associates, sixty-three freshmen and 
sophomore students in required physical education participated in three 
programs for a six-week period. An experimental group in weight training 
consisted of twenty-four subjects. Control groups of twenty-four and 
fifteen members participated in volleyball and a sports lecture class, 
respectively. The results indicated that weight training was superior 
to both volleyball and no activity in increasing strength.
2.6
Rainer Martens and Brian Sharkey, "Relationship of Phasic and Static 
Strength and Endurance," The Research Quarterly (October, 1966), pp. ^35-437.
27
John Masley, et al., "Weight Training in Relation to Strength,
Speed, and Coordination," The Research Quarterly (October, 1953), p p.
308-315- :
. 1 9
28Capen conducted, a study to determine which of four methods of 
weight training was superior in strength development. Eight groups of 
university freshmen were utilized in variations of the four programs. 
These programs consisted of a routine involving a bout of one execution 
with maximum resistance, two bouts of maximum repetitions with slightly 
less than maximum resistance, one bout of eight repetitions with maximum 
resistance, and one bout of five repetitions with maximum resistance.
The results indicated that the routine employing five repetitions with 
maximum resistance was superior in developing strength.
Calvin2^ investigated the effects of a program of pr ogres sive- 
resistance weight-training exercises on strength and motor coordination 
of high school boys. An experimental group of twenty subjects partici­
pated in weight-training exercises for four months. During this period, 
a control group of twenty subjects engaged in a general program of 
physical education. The statistical analysis of the data revealed 
significant increases in strength and motor coordination in all measure­
ments involving the experimental group.
An experiment involving a modified low-resistance and high- 
repetition progressive-resistance weight-training routine was conducted
Edward K. Capen, "Study of Four Programs of Heavy Resistance 
Exercises for Development of Muscular Strength," The Research Quarterly 
(May, 1956), PP. 132-lte.
29
Sidney Calvin, "Effect of Progressive Resistive Exercises on 
the Motor Coordination of Boys," The Research Quarterly (December, 
1959), PP. 387-398.
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by Wickstrcra with sixty-four college men as subjects. One set of each 
of seven weight-training exercises for total body development was per­
formed twice weekly for twelve weeks. Each exercise was done with a 
maximum resistance that could be handled fifteen to twenty times. A 
statistically significant increase was found in the strength of all 
areas tested.
31The first of several studies by Berger was designed to determine 
the most effective program for Improving strength. Nine different 
weight-training programs involving the supine press were performed by 
approximately twenty subjects in each program. Training was held three 
times weekly for twelve weeks with each group performing one, two, or 
three sets with two, six, or ten repetitions, respectively. The analysis 
revealed that all groups improved significantly in strength. The greatest 
improvement in strength was shown by the group performing three sets of 
six repetitions.
32
Pierson and Rasch utilized twenty-six students enrolled at the 
College of Osteopathic Physicians and Surgeons in a weight-training 
program to determine its effect on strength and speed. After a four-week
°^R. L. Wickstrcm, "The Effect of Low-Resistance High-Repetition 
Progressive Resistance Exercise Upon Selected Measures of Strength and 
Flexibility," Journal of the Association for Physical and Mental 
Rehabilitation (November-December, lgfid)', p. lol.
^ ^Richard Berger, "Effect of Varied Weight Training Programs on 
Strength," The Research Quarterly (May, 1962), pp. 168-l8l.
32«. R. Pierson and P. J. Rasch, "Strength and Speed," Perceptual 
and Motor Skills, 1^:144, 1962.
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training program, increases in strength were found to he significant, 
but no changes were found in speed.
Six groups of 199 male college freshmen and sophomores performed
33
progressive-resistance exercises for twelve weeks in a study by Berger.
Each group trained three times weekly by executing the isotonic supine
press with different degrees of repetitions for one set. The groups
executed either two, four, six, eight, ten, or twelve repetitions with
maximum resistance at each session. The results Indicated that isotonic
training consisting of between three and nine repetitions for one set
encompasses the optimum number of repetitions for improving strength.
34In another study by Berger, thirteen subjects trained isotonically 
with 90 per cent maximum resistance for ten repetitions twice a week and 
with maximum resistance for ten repetitions once a week. Fifteen sub­
jects trained three times weekly with maximum resistance for ten repeti­
tions. Both group3 performed one set of the supine press each session 
for twelve weeks. The analysis revealed that both groups improved
significantly in strength at the 1 per cent level of confidence.
35Berger utilized three groups totaling forty-eight college 
students in a progressive-resistance training program for nine weeks.
33Richard Berger, "Optimum Repetitions for the Development of 
Strength," The Research Quarterly (October, 1962), pp. 334-338.
34'Richard Berger, "Comparison Between Resistance Load and 
Strength Improvement," The Research Quarterly (December, 1962), p. 637.
•^Richard Berger, "Comparative Effects of Three Weight Training 
Programs," The Research Quarterly (October, 1963), pp. 396-398.
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Each group trained three times weekly with a different program using 
the supine press. The three groups trained with a maximum load for 
six sets of two repetitions, three sets of six repetitions, and three 
sets of ten repetitions, respectively. Statistical analysis revealed 
that all groups improved significantly in strength with no significant 
differences between groups.
O'Shea^ conducted a study to determine the effects of a six-week 
progressive-reslstance weight-training program on the development of 
strength and muscle hypertrophy using the deep-knee bend with varying 
repetitions. Thirty students were divided into three equal groups per­
forming nine to ten, five to six, and two to three repetitions, respec­
tively, for three sets. Maximum weight loads were handled by all 
participants for the exercise. All training groups improved signifi­
cantly in both static and dynamic strength with no significant differ­
ences between groups.
37Berger and Harris studied the effects of training with a 
relatively light load at a fast or slow rate and with a heavy load at
^Patrick O'Shea, "Effects of Selected Weight Training Programs 
on the Development of Strength and Muscle Hypertrophy, " The Research 
Quarterly (March, 1966)# pp. 95-102.
^Richard Berger and M. W- Harris, "Effects of Various Repetitive 
Rates in Weight Training on Improvements in Strength and Endurance," 
Journal of the Association for Physical and Mental Rehabilitation 
(November-December, 1966), pp. 205-207.
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a moderate rate on the development of strength and endurance. Sixty- 
nine college male students were divided into three groups of twenty- 
three subjects. Group I performed one set of eighteen to twenty 
repetitions in twenty-five seconds with maximum resistance; Group II 
did one set of eight to ten repetitions in twenty-five seconds with 
maximum resistance; and Group III executed one set of four repetitions 
with maximum resistance. Each group trained three times weekly for 
eight weeks. The three training programs were found to be equally 
and significantly effective in improving strength and endurance in 
the supine press.
A study to determine the most effective of two weight-training
38
programs for increasing strength was designed by Berger and Hardage.
Group I (N = 24) performed ten repetitions with maximum resistance for 
one set. Group II (W = 26) executed one set of ten repetitions but 
each repetition required a maximum or near maximum effort. This was 
achieved by reducing the load following each repetition, beginning with 
a maximum load for one repetition. The two groups trained three times 
weekly for eight weeks in the supine press. It was found that Group II
had the significantly greater Increase in strength.
39Capen UBed forty-two sophomore weight-training students and 
twenty-nine freshmen in a conditioning class for a study at the University
Richard Berger and Billy Hardage, "Effect of Maximum Loads for 
Each of Ten Repetitions on Strength Improvement," The Research Quarterly 
(December, 1967) t PP* 715-7^8.
39Edward K. Capen, 'The Effect of Systematic Weight Training on 
Power, Strength, and Endurance," The Research Quarterly (May, 1950), pp. 
83-92.
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of Tennessee. Both groups met twice a week for eleven weeks. Tests 
were administered for strength, power, and muscular endurance. The 
results Indicated that the weight-training group had greater general 
Improvement In muscular strength and significantly greater gains in 
power than the conditioning group. No significant difference was found
between the groups in muscular endurance.
40Chui conducted a study in which twenty-three subjects performed 
general weight-training exercises two to three times weekly for three 
months, and twenty-two subjects participated in the required physical 
education program for the same period. It was found that the weight- 
training group showed significant gains in power as measured by jumping 
tests and the eight-pound shot-put, whereas the other group did not.
41
In a four-week training period involving weight training, Endres 
found significant increases in the strength and speed of the elbow 
flexors and extensorB of early adolescent boys. It was also indicated 
that the size of the resistance load did not materially affect the 
amount of increase in speed or strength if the exercises were conducted 
at maximum speed for similar periods of time.
Twenty-eight male subjects at Springfield College were tested
42by Mathews and associates for strength and endurance of the left
^Edward F. Chui, 'The Effect of Systematic Weight Training on 
Athletic Power,” The Be search Quarterly (October, 1950 J, PP* 188-194.
4lJohn P. Endres, 'The Effects of Weight Training Exercises Upon 
the Speed of Muscular Movement” (microcarded Master's thesis, University 
of Wisconsin, Madison, 1953} •
K .  K. Mathews, et al., "Cross Transfer Effects of Training on 
Strength and Endurance,” The Research Quarterly (May, 1956)> PP* 206-212.
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elbow flexor muscles before and after a four-week training period.
Strength was measured by the tens iceneter and endurance by the Kelso- 
Hellebrandt Ergometer with three eighths maximum strength as resistance.
At each training session the left elbow flexor muscles were exercised until 
exhaustion which lasted from one and one-half to two minutes each time. 
During this time from forty-five to sixty repetitions were performed. 
Significant increases were found in both strength and endurance.
|l3
Kuslnltz and Keeney divided forty-six junior high school boys 
into two equated groups. An experimental group participated in weight 
training and a control group in regular physical education activities for 
eighteen weeks. Strength and endurance as measured by pull-ups and push­
ups increased significantly in the experimental group but not in the 
control group.
Nine groups of university students with about twenty per group were 
44trained by Berger for twelve weeks in which they performed either one, 
two, or three sets with two, six, or ten repetitions. Strength was measured 
by the maximum amount of weight lifted in a single repetition. Endurance 
was represented by the number of repetitions that could be performed with 
one-half of maximum strength at a rate of one repetition every two seconds. 
All groups improved significantly in both strength and endurance. Ten
43
Ivan Kusinitz and Clifford Keeney, "Effects of Progressive Weight 
Training on Health and Physical Fitness of Adolescent Boys, " The Research 
Quarterly (October, 195#), PP* 294-301.
****Richard Berger, 'The Effect of Varied Weight Training Programs 
on Strength and Endurance? (microcarded Doctoral dissertation, University 
of Illinois, Urbana, i960}.
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repetitions were found to be significantly better for improving endurance 
and tbree sets of six repetitions were more effective for improving 
strength than any other combination.
45Sixty-two college men were measured by C-Larke and Henry for 
increases In arm strength, effective arm mass, and speed in a lateral 
adductive arm movement after training for six weeks. Half of the sub­
jects performed weight-training exercises not involving the movement, and 
a control group remained inactive for the same period. The experimental 
group improved significantly In speed, strength, and strength/mass ratio, 
but the control group declined. Individual changes In the strength/mass
ratio correlated significantly with individual changes in speed.
46
Capen and associates selected fourteen women physical education 
majors at the University of Tennessee to determine the effects of weight 
training on strength, power, and endurance. The women trained three 
times weekly for ten weeks. The program consisted of performing low 
repetitions with heavy resistances. More than one set per exercise 
was executed if time permitted. The results indicated significant improve­
ments in strength, power, and muscular endurance.
45D. H. Clarke and P. M. Henry, "JJeurcmotor Specificity and 
Increased Speed from Strength Development," The Research Quarterly 
(October, 19&L), PP* 315-325*
46
Edward K. Capen, et al., 'The Effects of Weight Training on 
Strength, Power, Muscular Endurance, and Anthropometric Measurements 
on a Select Group of College Women," Journal of the Association for 
Physical and Mental Rehabilitation (Hovember-December*. 1961). pp.
I69-173.
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Colgate trained forty-nine right-handed men enrolled in physical 
education skill classes with pulley weights for six weeks. A positive 
relationship was found between Initial speed- of-movement time of the arm 
and initial speed-of-movement time of the arm against resistance. It was 
further revealed that a significant increase in arm-shoulder strength In 
the test position was accompanied by a significant Increase in arm speed
against resistance in the test position.
1)8
DeLateur and associates utilized forty-three male subjects 
divided into four equal groups to determine the effects of two weight- 
training methods on strength and endurance development. Two groups 
trained with low resistance and high repetitions while two other groups 
trained with high resistance and low repetitions. At the end of fifteen 
training sessions, one of the low-resistance groups shifted to the high- 
resistance routines and vice-versa. All groups then continued far four 
further sessions. The low-resistance group trained with twenty-five 
pounds attached to a standard quadriceps boot, and the high-resistance 
group used fifty-five pounds. The results indicated significant and 
equal Improvement by all groups in strength, power, and endurance.
^John A. Colgate, "Arm Strength Relative to Arm Speed," The 
Research Quarterly (March,. 1966), pp. 14-22.
48
Barbara DeLateur, _et al., "A Test of the DeLorme Axiom, " 
Archives of Physical Medicine and Rehabilitation (May, 19681, pp,
245-248.
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IV. SUM-IAHY OF BELATED STUDIES
Section I of this chapter was concerned with studies related to
the development of throwing power. Three studies found a regular weight-
training program to he significantly effective in improving velocity in
kq
the overhand baseball throw. Another study did not find weight training 
to be effective in increasing velocity of the overhand softball throw when 
the antagonistic muscles were trained. Two studies found that training 
with weighted baseballs and a simulated throw with resistance were effective 
for improving velocity. However, one of these studies found no signifi­
cant differences between the two methods,51 whereas the other study found 
weighted-baseball throwing to be more effective. ^  Another study found 
that neither weighted-baseball throwing nor a program utilizing a regulation 
bail were effective in improving velocity.^ One study found that simulated 
throwing with resistance was superior to baseball throwing in increasing 
velocity.^ A similar study revealed no significant difference between a 
program involving a progressive-resistance simulated throw and a program
55in which regulation baseballs were thrown. A study involving isometric 
exercises and regular underhand softball throwing found no significant
49Hooks, Howlands, and Thompson and Martin, loc. cit.
5%}arrow, loc. cit. 51grose and Hanson, loc. cit.
^Minor, loc. cit. ^Straub, loc. cit.
54
Logan and associates, loc. cit.
^Logan and McKinney, loc. cit.
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differences between the two methods In developing velocity, but the
isometric groups were able-to maintain maximum velocity significantly
56better than the throwing group.
Section II was concerned with studies relating strength to power
and muscular endurance. Half of the studies investigating the relation-
57ship of strength and power found that the two variables were related.
One of these studies found a slight but significant relationship.Two
of these studies found a negative relationship when various proportions
of individual maximum strength were used as resistances for determining
power. 59 One of the latter two studies found a positive relationship
when various proportions of individual body weight were used as resistances
60for determining power. The other five studies relating strength to power 
found no significant relationship between the two variables. Five 
studies found a significant relationship between strength and muscular 
endurance. Of these five, one study revealed that the two variables 
were related when the endurance load was sufficiently great to cause
^^Bass, loc. cit.
■^Henry, Clarke, Berger and Henderson, Bates, and Cavalier, 
loc. cit.
58Henry, loc. cit. “^ Bates, and Cavalier, loc. cit.
^Cavalier, loc. cit.
^^Rasch, Henry and Whitley, Smith, Smith, and Smith and Whitley, 
loc. cit.
^Elbel, Tuttle, Tuttle, Irish, and Start and Graham, loc. cit.
g-3
intramuscular vascular occlusion. Only one study found no signlfi-
64
cant relationship between strength and muscular endurance.
Section III was devoted to studies related to the development of
strength, power, and muscular endurance through isotonic training. All
of the studies which Investigated the effects of isotonic training on
strength development found significant Increases. The studies which
investigated the development of power through isotonic training also
found significant increases. Only one of the seven Investigations
involving muscular endurance development from isotonic training failed
65
to show any significant Increases.
^3gtart and Graham, loc. cit. ^Martens and Sharkey, loc. cit. 
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CHAPTER III
PROCEDURES FOR THE STUD!
I. OVERVIEW
This study was conducted during the fall semester of the school 
year 1969-JO, at the University of Southwestern Louisiana, Lafayette, 
Louisiana. One hundred eight male students enrolled in physical 
education weight-training classes participated. Ninety of these sub­
jects were able to complete all requirements for the study.
The three meetings of the first week were used far the orienta­
tion of the students with the tests to be administered and the proce­
dures to be employed. During the three sessions of the next week, 
students were tested for static strength, maximum velocity in the 
projection of a Boftball, and on the projection of a weighted ball 
for maximum velocity.
Subjects were then randomly assigned to six groups. Group I 
participated in a routine consisting of simulated underhand throws 
with no resistance; Group II perfaimed Group 11 s routine with the 
addition of underhand softball throws for maximum velocity; Group III 
utilized an isotonic strength program employing a simulated underhand 
throw with five-pound resistance on a pulley-weight device; Group IV 
threw softballs for maximum velocity in addition to Group Ill's routine 
Group V performed simulated underhand throws with ten-pound resistance 
on a pulley-weight device; and Group VI executed softball throws for 
maximum velocity in addition to the routine of Group V.
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The six groups trained three days a week for five weeks. Final 
testing for strength and velocity was administered during the week 
following completion of the training program.
II. SUBJECTS
One hundred eight male college students enrolled in physical 
education weight-training classes participated in the study. Those 
students who did not want to participate In the study were not asked 
to do so. Eighteen students from each of six classes were subjects 
for the study. After completion of the initial testing, every subject 
was randomly assigned into one of six groups for each participating 
class. In order to insure equal representation for all training groups 
in each class, three students were chosen for each group per class. The 
number of each group was written on three slips of paper for the six 
groups; thus Roman numerals I, II, III, IT, V, and VI each appeared on 
three different slips of paper. The eighteen slips of paper were then 
mixed in a container and randomly selected. After all of the eighteen 
slips of paper had been selected, each group was equally represented 
in the class with three subjects apiece.
III. ORIENTATION
The three meetings prior to the pre-testing of the subjects 
were used to orient the students concerning the purposes and proce­
dures of the testing and training. All subjects were given oppor­
tunities to become familiar with all procedures through actual 
participation. At the first two meetings emphasis was given to the
33
testing procedures. Subjects concentrated on training procedures 
during the third session. Verbal instructions as well as demonstra­
tions and practice were utilized in these orientation periods.
XV. TESTING AND TRAINING EQUIPMENT
Chain and Snap. A twelve-inch length of one-sixteenth inch extra 
flexible cable was attached to a light welded link chain three feet long. 
A double harness snap, four Inches long, was attached to the other end 
of the cable. 1 This equipment was used only for strength testing. See 
Figure 1.
Control Chair. Six wooden chairs were constructed especially for 
this study. They were designed so that the subjects, when seated, could 
place their feet firmly on the base of the chair. In addition, the back 
rest was constructed so that free movement of the shoulder joint and arm 
was possible. A one and one-half inch adjustable webb belt was attached 
through a four-inch slot to the rear of the back rest at chest level.
This belt was used to buckle the subjects against the back rest to insure 
that only arm movement was possible. These chairs were used for both 
training and testing purposes. A picture of one of these chairs is 
shown in Figure 2 on page 35*
Grid Lines. Grid lines were marked on the floor of the testing 
and training area with a magic marker. These lines were placed one
1H. H. Clarke, Cable-Tenaion Strength Tests (Chicopee, 
Massachusetts: Brown-Murphy Co., 1953) t P* 3*
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FIGURE 1
A PICTURE OF THE STRENGTH-TESTING EQUIPMENT, INCLUDING THE 
TENSIQMETER, REGULATION STRAP, CHAIN AND SNAP, AND CABLE
35
FIGURE 2
A PICTURE OF TEE CONTROL CHAIR USED IN TESTING STRENGTH AND 
VELOCm AND FOR TRAINING PURPOSES
foot apart for a distance of seventy feet. Each line was about twenty 
feet in length. Additional dotted lines were placed at each half-foot 
interval between the grid lines. large numerals were printed at four 
different places on each of the grid lines to indicate the distance in 
feet.
Pulley Weights. Four sets of pulley weights were utilized in four 
of the six training programs. Four wooden cases were constructed five 
feet long, one foot wide, and five inches thick. A two-inch metal pulley 
was attached to one end of the case and another one on one side of the 
case about two and one-half feet from the opposite end. A five-pound 
weight was attached to a quarter-inch nylon rope and placed inside each 
of two cases. The weights rested on the bottom end of the cases. The 
nylon rope extended upward through a (me-inch hole at the other end of 
the case where the pulley was attached. It passed through the hole and 
over the pulley down toward the other pulley attached to the outside of 
the wooden case. The nylon rope extended around this outside pulley and 
away from the wooden case in a perpendicular line. At approximately two 
feet from the wooden case, the end of the nylon rope was tied to a wooden 
hand grip. Each of the wooden cases was attached to a wall in the testing 
area by one-eighth inch galvanized cable to prevent any forward or back­
ward movement. A ten-pound plate was placed in each of the other two 
cases for resistance. A picture of one of these pulley devices Is 
shown in Figure 3.
37
FIGURE 3
A PICTURE OF ONE OF THE FULIEY-WEIGHT APPARATUS AHD THE INITIAL 
AMD FINAL POSITIONS EMPLOYED IN THE STRETKHJH TRAINING
Regulation Strap* This strap was constructed of a double thick­
ness of webb belting approximately nine inches long and two inches wide. 
It formed a hand grip on one end and was stitched firmly around a D-ring 
on the other. The double harness snap of the chain and snap (previously
p
described) was attached to the D-ring. This equipment is also shown in 
Figure 1, page 3^ -
Softball. Thirty twelve-inch regulation softballs were used for 
both training and testing purposes.
Stop Watch. Two Minerva stop watches were used for keeping time 
in the softball and weighted-ball underhand throw testing procedures.
Tensicmeter. The cable tensicmeter (Figure 1, page 3*0 is a 
small compact unit, four inches by four inches by one and one-fourth 
inches, originally designed to test the tension of aircraft control 
cables. This device is constructed so that when pressure Is exerted on 
a riser by the cable, a maximum reading in tension units is recorded on 
the tensicmeter by a memory pointer. A maximum of one hundred units of 
tension may be recorded.^ Clarke** obtained reliability coefficients for 
thirty-eight cable-tension strength tests in which the tensiometer was 
utilized. These correlations ranged between .70 and .9 9 and were 
significant.
o
Clarke, loc. cit.
3
H. H. Clarke, Muscular Strength and Endurance in Man (Englewood 
Cliffs, New Jersey: Prentice-Hall, Inc., 1966), pp. ti-9*
kClarke, op. cit., pp. 10-31.
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Weighted Ball. Ten. five-pound indoor shots were used in admin­
istering the weighted-tall velocity test. These tails were constructed 
of a hard tut collapsible rubber with weighted granular material inBide. 
When thrown the shot deflated upon contact with the floor surface and 
came to almost an abrupt halt. These shots were slightly larger in 
diameter than the regulation softball.
V. TESTING PROCEDURES
During the week following orientation, the static strength and 
the distances for the underhand softball and weighted-tall throws were 
recorded on each subject’s personal data sheet. A sample data sheet 
is shown in Appendix A. Final measurements were also taken at the 
completion of the five-week training program. The measurement of the 
aforementioned variables was conducted according to the following 
procedures.
Procedures for Static-Strength Testing
Hie cable tensiometer, chain and snap, regulation strap, and 
control chair were used to test static strength in the initial under­
hand throw position. Each subject was securely strapped into the 
control chair in a sitting position. Only the right arm was allowed 
movement. The left hand was placed on the subject's left thigh.
After the regulation strap was attached to the chain and snap, the 
free end of the chain was then attached to an open-eye hook on the 
pulley-weight case just behind the subject. This hook was located 
at a level which was approximately the same distance from the floor
1(0
aB the hand when the Initial movement of the arm began. The subject 
grasped the hand grip of the regulation strap with his right hand and 
with the hand grip resting in the middle of the palm flush against the 
thumb. The subject was instructed to keep the wrist as well as the el­
bow straight when exerting force against the tensiometer. Thus, in the 
test position, the arm was in a hyperextended and supinated position 
to the subject's rear, and the chain and cable were approximately 
parallel to the floor. Figure 4 shows the strength-testing equipment 
and position.
The subject was ashed to exert pressure on the regulation strap 
with the arm in idle supinated position. As soon as the cable was taut, 
the tensiometer was placed on the cable and held in place by the investi­
gator. A maximum force was then exerted by the subject in an attempt 
to make an underhand throw. The arm and wrist were kept straight during 
the procedure. This maximum effort was indicated on the tensiometer by 
the memory pointer. One trial was administered to all subjects, then 
another trial was administered. This procedure allowed an equal amount 
of rest between trials for all subjects. The best of the two trials 
was taken as the strength score.
The reliability of this test was computed by the Pearson 
5
Product-Moment' method of correlation using the first and second 
trials. A reliability coefficient of .86 was found.
^Henry E. Garrett, Statistics in Psychology and Education 
(sixth edition, New York: David McKay Company, Inc., 1966), p. 143-
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FIGURE 4
A PICTURE OF THE STRENGTH-TESTING EQUIPMENT AND POSITION
kz
procedures for Testing Velocity
On the second day of testing the velocity test for the underhand 
softball throw was administered to the subjects. Each subject was 
strapped securely into the control chair as previously described. An 
adjustable wooden angle guide was attached to the control chair at the 
bottom on the throwing side. This guide was inserted into a slot on 
the chair and could be moved forward cr backward according to the arm
length of each subject. Ibis guide was made at a forty-five degree
6
angle. The angle guide was adjusted for each subject so that when the 
arm, with the ball held in the palm with the wrist straight, was moved 
to the position at which the ball was to be released, the subject could 
see the precise point through which the ball should move for a projection 
of forty-five degrees. The subject was instructed to concentrate upon 
this point for each throw made. He was also reminded repeatedly to keep 
the arm and wrist straight throughout the movement.
Each subject was instructed to hold the softball with his arm 
perpendicular to the floor at the start of each throw. Upon the given 
command, he hyperextended the throwing arm to the rear of the body as 
far as possible and then flexed the arm, in the supinated position, at 
the shoulder joint, as quickly as possible in order to attain maximum 
distance. A total of seventy-five throws for maximum distance was 
allowed each subject. One throw waB made every five seconds. A student
^John W. Bunn, Scientific Principles of Coaching (Englewood 
Cliffs, New Jersey: Brent ice-Hall, Inc., I960L  p. 26.
3^
assistant kept time with a stop watch at each of two testing stations.
He commanded, "Ihrow," at each five-second interval. A student assistant
was also stationed behind each testing station to remind the subject of
the necessity of keeping the arm and wrist straight and to concentrate
upon the release angle. Two student assistants were employed as recorders.
These assistants watched the flight of the thrown softballs and could see
precisely where they landed on the grid lines. The closest foot mark to
which the ball landed was recorded as the distance on the data sheet.
Half a foot or more was necessary to record the next longest distance.
In addition two ball catchers were stationed at each testing station to
keep the test subject supplied with balls*
The distance from the point of initial contact of the softball
with the floor to the base of the control chair was recorded to the
nearest foot. In order to account for the difference created by the
height of the point of release of an object from the ground, the actual
distance that the softball traveled technically should have been com-
7
puted by the following formula;
However, since the distance from the point of release to the 
ground was so small, and the fact that a forty-five degree angle was 
used by all subjects, it was believed that the amount of error would
E + Bg = V^slnecose + Vcose VV2 sin*e + 2gh
g
^Ibid., p. 3 0.
be negligible. Therefore, the velocity was computed by the following
8formula, with B representing distance and V, velocity;0
B = T^slnBe 
g
The velocity test for the underhand weighted-ball throw was admin­
istered on the third day of testing. The same procedures that were used 
for the underhand softball throw were applied for this test also. Ten 
five-pound indoor shots were used instead of the softballs. Figure 5 
shows the rear and point-of-release positions for the velocity tests.
Reliability coefficients were computed for the softball and 
weighted-ball velocity tests using the averages of the second and third 
fifteen throws for all subjects. These computations resulted in reliability 
coefficients of .87 and .86, respectively.
VI. TRAINING PROCEDURES
The five experimental groups and the control group were repre­
sented in each of six physical education classes participating in the 
investigation. This was done to eliminate the possibility of a time 
variable influencing the performance of a particular group. Each group 
trained three times weekly for five weeks. All groups participated in 
regular physical education activity in addition to their respective 
training programs.
8
Ibid., p. 23.
FIGURE 5
A PICTURE SHOWING THE VELOCITI-TESTING EQUIPMENT AND THE REAR 
AND POINT-OF-RELEASE POSITIONS OF THE THROWING ARM
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The groups which threw the softball as part of their training 
routine were given immediate knowledge of results regarding the length 
of their throws by their partners. During every fourth training period, 
their scores were also recorded. Groups which trained for strength in 
the simulated movement were able to determine their progress as the 
resistance seemed to be getting lighter as the program progressed.
These were the motivational aspects of the training program. The 
investigator was hopeful that the importance of the study also helped 
to motivate the subjects.
All of the six groups began their routines at the same time.
Two people were involved in a routine at each of the six stations.
When these two people completed their routines, a third subject would 
perform his training procedures with the aid of a classmate. Since 
there were only three subjects assigned to each training group per 
class, the training programs were administered with very little inter­
ruption to the regular class. A counter-balanced practice order was 
employed to offset the fatigue factor. Each pair of subjects would 
begin their routine every other training period having had no exercise 
of any kind. Far those subjects who had two training routines, the 
order of performing theBe routines was also alternated each training 
session.
Group I— Simulated Throw (No Resistance)
Group I performed thirty simulated underhand throws with no 
resistance while seated and strapped into a control chair. Each 
subject simulated a throw as quickly as possible every five seconds.
W?
He simply counted to himself and made the movement at each count of 
five. This group was considered the control group. Each subject re­
quired approximately two and one-half minutes to complete his routine.
Group II— Simulated Throw (No Resistance) and Throwing Routine
Thirty simulated throws with no resistance were also performed by 
the members of Group U  frcta a control chair. In addition forty-five 
underhand throws were made with regulation softballs. One subject com­
pleted his thirty simulated throws and then rested while his partner 
performed his thirty simulated throws. The first subject then made his 
forty-five underhand throws with softballs, one throw every five seconds. 
Party-five throws were then made by the second subject. The helping partner 
gave the throwing subject knowledge of results of each throw and retrieved 
the ball as it hit the floor. These balls were put in a basket and 
returned to the throwing subject as he needed them until forty-five 
throws were made. The throwing subject simply had to reach to his left 
and transfer a softball from his left hand to his right hand before making 
each throw. The wooden angle guide was used to guide the softball throw 
at an angle of forty-five degrees. Each subject required about two and 
one-half minutes to perform the thirty simulated throws and approximately 
four minutes for the forty-five softball throws.
Group III— Simulated Throw (Five-Pound Resistance)
Each subject in Group III performed thirty simulated throws with a 
five-pound resistance using the pulley weights. The subject was strapped
into a control chair which was placed so that the subject's right 
arm was hyperextended and supinated when the initial position was 
assumed. The left hand was placed on the left thigh* The underhand 
movement was made with the pulley weight being moved in a deliberate 
fashion. One repetition of the movement was performed every five seconds 
with the subject counting to himself. The helping partner counted the 
number of repetitions made. After completing his thirty simulations 
with resistance, the subject then traded places with his partner.
Each subject required about two and one-half minutes to perform this 
routine.
Group IV— Simulated Throw (Five-Pound Resistance) and Throwing Routine 
Subjects in Group IV performed the thirty simulated throws with 
a five-pound resistance on the pulley weights and forty-five underhand 
softball throws. These routines were performed as previously described. 
Each subject rested after completing each routine while his partner 
performed. These routines also required approximately two and one-half 
and four minutes, respectively.
Group V— Simulated Throw (Ten-Pound Resistance)
Thirty simulated underhand throws with a ten-pound resistance on 
the pulley weights were performed by subjects in Group V. This routine 
was performed identically to the routine involving the five-pound 
resistance. About two and one-half minutes were also required to 
perform this routine far each subject.
Group VI--Simulated Throw (Ten-Pound Resistance) and Throwing Routine
Routines involving thirty simulated throws with a ten-pound 
resistance on the pulley weights and forty-five underhand throws with 
softballs were performed by the members of Group VI. These routines 
were performed alternately by each subject as previously described.
These routines also required about two and one-half and four minutes, 
respectively, to be performed.
VII. STATISTICAL ANALYSIS
9
A Type III design was employed for analyzing the results of 
the various treatments on velocity and endurance. A two by three 
factorial design^ was used to analyze strength gains resulting from 
the treatments. For the factorial design there were two factors of 
throwing, simulated throwing and softball throwing. Three factors of 
strength were no-resistance, five-pound resistance, and ten-pound 
resistance. For the Type III design an additional factor consisting 
of five periods of fifteen trials was added.
In analyzing the data, correlated t-tests’^" were used to compute
the significance of the mean gains for the strength and velocity-
12scores. The Pearson Product-Moment method of correlation was then
%. F. Lindquist, Design and Analysis of Experiments in Psychology 
and Education (Cambridge, Massachusetts: The Riverside Press, Soughton- 
Mifflin Company, 1953), PP- 281-28U.
^William S. Ray, An Introduction to Experimental Design (Hew 
York: The MacMillan Company, i960), p. 1^ 5.
^Garrett, op. cit., pp. 226-228. 12Ibid.., p. lb3.
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used to determine the relationships between the pre-test and gain scores 
for the strength and velocity tests. Since a low correlation coefficient 
of - .18 was found between pre-test and gain scores, analysis of v a r i a n c e 1 ^ 
was used to analyze the strength data.
Pre-test and gain scores for the weighted ball velocity test also 
correlated low with an r of -.15. Thus, analysis of variance was incor­
porated into the Type III design to analyze those gains. A high correla­
tion of - .6U resulted between the pre-test and gain scores of softball
lli
velocity. Consequently, analysis of covariance was utilized in the Type 
III design to statistically equate the experimental groups and compute 
the effects of the treatments.
Planned orthogonal comparisons were used to locate differences in 
the strength gains and weighted-ball velocity gains. Analysis of variance 
was also utilized to determine if significant differences existed among 
the five periods of fifteen trials for both softball and weighted-ball 
velocity.
To further analyze the endurance factor concerning the five periods, 
orthogonal regression was employed. Final calculations were made to 
determine the relationships between strength and velocity using the 
Pearson Product-Mcment method of correlation.
^^Ray, og. cit., p. 15U. ndquiat, op. cit., pp. 317“327*
CHAPTER IV
PRESENTATION AND ANALYSIS OF DATA
The data for the softball and weighted-ball velocities were 
based on an average velocity for seventy-five throws. The seventy- 
five throws were divided into five periods of fifteen throws to deter­
mine the effects of the training programs on endurance; that is, the 
ability to maintain maximum velocity over the seventy-five throws.
These velocities were calculated in feet per second. Velocity scores 
for the pre- and post-tests appear in Appendixes B through M.
I. ANALYSIS OF THE TRAINING EFFECTS ON SOFTBALL VELOCITY
Analysis of the Mean Gains by the Six Groups in Softball Velocity
A t-test for correlated groups was utilized to compute the sig­
nificance of the mean gains by each of the six training groups in soft­
ball velocity. Significant t-ratios were found for all groups at the 
.01 level of confidence. This indicated that all training programs 
were significantly effective in improving softball velocity, even the 
simulated program involving no resistance. Even though this group had 
the lowest mean gain, it was more than adequate to attain the required 
t-ratio of 2 .9 8 at the .01 confidence level (see Table I).
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TABLE I
SIGNIFICANCE OF MEAN GAINS IN SOFTBALL VELOCITY BY THE SIX 
STRENGTH AND SPEED TRAINING GROUPS
Group N
Initial 
Mean 
Ft./Sec.
Final
Mean
Ft./Sec.
Observed
Diff.
Ft./Sec.
S.E.
D t P
I 15 38.0 40.9 2.9 *55 5*25 .01
II 15 37.8 1*2.5 4.7 *73 6.47 .01
III 15 37-6 41.6 4 .0 *45 8.95 .0 1
IV 15 37*3 4 1 .9 4.6 •34 13*52 .01
V 15 38 .6 41.8 3*2 .47 6.85 .0 1
VI 15 37*0 42.1 5 .1 .70 7 .28 .01
t's needed: 2.14 at the .65 level; 2 .9 8 at the .0 1 level 
Adjusted mean gains: Group I, 3*01; Group II, 4.64;
Group III, 3*80; Group IV, 4.21; Group V, 4.00;
Group VI, 4.47
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Analysis of Covariance for Softball Velocity Galas lay the Six Training
Groups
Since all of the six training groups improved significantly in 
softball velocity, it was necessary to analyze these results further. 
Analysis of covariance was utilized to determine whether or not'signifi­
cant differences were evident among these training programs.
The results indicated no significant differences among the groups 
employing the three levels of strength training for developing softball 
velocity (Level A, Table II). An F-ratio of 0.64 was less than the 3*10 
needed for significance at the .05 level of confidence. However, softball 
throwing was significantly more effective than simulated throwing in 
improving softball velocity (Level B, Table II). The adjusted mean gains 
for softball and simulated throwing were and 3*60, respectively. An 
F-ratio of 12.05 was found which was considerably higher than the 6.95  
needed at the .0 1 level of confidence.
No significant interaction resulted between the three levels of 
strength training and the two levels of throwing. Softball throwing was 
superior to simulated throwing uniformly at all levels of strength training. 
The analysis for the AB interaction resulted in an F-ratio of 1.16, far 
less than the 3*95 required for significance at the .05 confidence level.
The analysis also revealed significant differences among the six 
groups for the five periods of fifteen trials at the .01 level of confi­
dence (Level P, Table II). The means of the fifteen trials for the five 
periods were significantly different among the groups. The F-ratio of 
3 .9 9 was slightly beyond the 3*38 necessary at the .0 1 level of confidence.
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TABLE XI
ANALYSIS OF COVARIANCE FOR THE SIX TRAINING PROGRAMS 
IN SOBTBALL VELOCITY
Source SS df M2 F P
A 15.87 2 7.94 0.64 N.S
B 149.04 1 149-04 12.05 .0 1
AB 28 .62 2 14.31 1 .16 N.S,
Error 1026.78 83 12.37 — *4 « 4
P 13.73 4 3.43 3-99 .0 1
AP 13 .61 8 1 .7 0 1 .9 8 .05
BP -0-95 4 -0.24 -0 .2 8 N.S,
ABP 2 .6 0 8 0.33 0 .3 8 N.S
Error P 287.46 335 0 .8 6
Total 1536.76 448
A: Factors of strength
B: Factors of throwing
P: Five periods of fifteen trials
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A significant interaction between periods and levels of strength 
(Level AS, Table II, page 54) at the .05 level of confidence was also 
found. This indicated that the differences among the five periods of 
fifteen trials were not uniform for all three levels of strength. An 
F-ratio of 1-9& just reached the required 1.97 necessary for significance.
No significant differences were found for the interaction between 
the five periods of fifteen trials and the levels of throwing (Level BP, 
Table II). This meant that softball throwing was superior to simulated 
throwing at all five periods. There was also no significant interaction 
of the five periods of fifteen trials with the combined effects of the 
strength training and throwing programs (Level ABP, Table II).
Analysis of Variance and Regression for Adjusted Means of the Five Periods 
in Softball Velocity
Although significant differences were found among groups for the 
five periods of fifteen trials, this did not reveal whether or not signifi­
cant differences occurred between the five periods when the six groups 
were combined. To compute this, analysis of variance was utilized to 
determine if the adjusted means (See Appendix Q, page 109) for each of the 
five periods for the combined groups were significantly different. An 
F-ratio of 1.23, shown in Table III, did not meet the required 2.41 
necessary for significance at the .05 level of confidence. Thus, the 
means for the combined groups for the five periods of fifteen trials 
remained relatively the same from the first fifteen throws through the 
last fifteen throws.
56
TABLE III
ANALYSIS OF VARIANCE AND REGRESSION FOR ADJUSTED MEAN GAINS IN 
SOFTBALL VELOCITY ON TRIAIS OF FIFTEEN BY ALL GROUPS, BY 
STRENGTH GROUPS, AND BY THROWING GROUPS
Source SS df F P
All Groups 4.22 k 1 .0 6 1.23 N.S.
A1 26.3k k 4 .0 9 4 .7 6 .0 1
Linear 6.37 1 8.37 9-73 .0 1
0.93 k 0 .2 3 0 .2 7 N.S.
A3
3 .6 1 k 0 .9 0 1 .0 5 N.S.
B1 5 .89 k 1.47 1 .7 1 N.S.
Bs 0.77 k 0 .1 9 0 .3 2 N.S.
Error P 287.^6 335 0 .8 6 — —
Aj_: No-resistance factor 
Ag: Five-pound resistance factor
A^ : Ten-pound resistance factor
B,: Simulated throw factor
Bgi Softball throw factor
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Evr chough the analysis of variance was not significant, orthog­
onal regression was computed for the five periods. The following 
comparisons were made.
Source 1st 15 2nd 15 3rd 15 4th 15 3th 15
Linear -2 - 1 0 +1 +2
Quadratic +2 - 1 - 2 - 1 +2
Cubic - 1 +2 0 -2 +1
Quartic +1 -4 +6 -4 +1
As expected, none of the four comparisons were significant, thus indicat­
ing that the means for the five periods of the fifteen trials did remain 
relatively the same. The regression plot for the adjusted mean gains hy 
periods of fifteen trials is shown in Chart I.
Despite the presence of a significant interaction between the five 
periods of fifteen trials and the levels of strength training, this did 
not reveal if significant differences were present among the adjusted 
means of the five periods for each of the three levels of strength. The 
adjusted means for the five periods of no* re si stance strength were tested 
for differences by analysis of variance. This test revealed an F-ratio 
of 4.76, shown in Table III, page 56, which was above the 3 .3 8 needed 
for significance at the .0 1 level of confidence.
Orthogonal regression was then computed for the five periods of 
no-resistance strength with only the linear comparison being significant.
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CHART I
REGRESSION PLOTS FOR MEAN GAINS IN SOFTBALL AND WEIGHTED-BALL 
VELOCETI FOR ALL GROUPS COMBINED
1st 15 2nd 15 3rd 15 4th 15 5th 15
TrialsTrials TrialsTrials
3.5 ft-
3 .0 ft.
2 .0  ft.
1.5
1 .0 ft. N = 90
Softball____
We ighted- B all
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As shown in Table III on page 56, an F-ratio of 9-73 was found which 
surpassed the required 6 .7 2 for the .01 confidence level. Chart II 
shows this linear relationship.
The adjusted means of the five periods for the five-pound and 
ten-pound resistance groups were also analyzed by analysis of variance.
No significant differences were found for either of the groups. Conse­
quently, It was fruitless to compute the orthogonal regression for them. 
Since no significant differences in performance were experienced among 
the five periods of those two groups, the adjusted means for each of the 
five periods remained stable for both groups. Analysis of variance and 
regression data for the three levels of strength training also appear in 
Table III on page 56. Regression plots for the three levels of strength 
are shown in Chart II. These regression lines indicate that the inter­
action resulted from the linear decline shown by the no-resistance 
groups.
No significant interaction occurred between the levels of throwing 
and the five periods of fifteen trials. However, this did not reveal 
the behavior of the groups utilizing these training procedures concerning 
endurance. Through analysis of variance of the adjusted mean gains for 
each of the five periods, no significant difference among the periods 
was found for either the simulated or softball throwing groups (see Table 
III, page 56) • Consequently, it was not necessary to compute orthogonal 
regression for them. However, regression plots were graphed for both 
groups using the adjusted means for the five periods. These are shown 
in Chart III on page 6l.
CHART II
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REGRESSION PLOTS FOR ADJUSTED MEAN GAINS IN SOfTBALL VELOCITY
BY STRENGTH FACTORS
1st 15 2nd 15 3rd 15 4th 15 5th 15
Trials Trials Trials Trials Trials
5.0 ft.
4.0 ft.
3.5 ft.
3.0 ft.
N = 30
Aj_ (Noresistance factor)  res ist
Ag (Five-pound resistance factor)__
A3 (Ten-pound resistance factor)____
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CHART III
REGRESSION PLOTS FOR ADJUSTED MEAN GAINS IN SOFTBALL VELOCITY
BY THROWING FACTORS
1st 15 2nd 15 3rd 15 4th 15 5th 15
Trials Trials Trials Trials Trials
5.0 ft.
3-0 ft.
N = 45
Bn (Simulated throw factor) 
B2 (Softball throw factor)^
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II. ANALYSIS OF THE TRAINING EFFECTS ON WEIGHTED-BALL VELOCITY
■Analysis of the Mean Gains by the Six Groups In Weighted-Boll Velocity
Correlated t-tests were employed to calculate the significance of 
the mean gains experienced by the six training groups for weighted-ball 
velocity. Only the group which performed simulated throws with no resist­
ance did not achieve mean gains that were sufficient for significance.
Its t-ratio of -92 was far below the 2.14 needed at the .05 confidence 
level. The group which threw the softball and performed simulated throws 
with ten-pound resistance had the greatest observed gains. This group*s 
t-ratio of 14.4-3 far exceeded the required 2*98 at the .0 1 level of 
confidence. Data for these t-tests are shown in Table IV.
.Analysis of Variance for Weighted-Ball Velocity Gains by the Six Training 
Groups
Analysis of variance was utilized to determine if significant dif­
ferences occurred among the six groups in developing weighted-ball velocity. 
Significant differences were revealed among the three levels of strength 
at the .01 confidence level. The F-ratio for this test was 10.76, although 
only 4.87 was required (see Table V/ page 64). Planned orthogonal com­
parisons were utilized to analyze these differences further. The following 
comparisons were computed.
No-Resistance 
Comparisons_______ Groups
5-lb. Resistance 
 Groups____
10-lb. Resistance 
 Groups_____
0
2
+1
-1
-1
- 1
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TABLE IV
SIGNIFICANCE OF MEAN GAINS IN WEIGHTED-BALL VELOCITY BY THE SIX 
STRENGTH AND SPEED TRAINING GROUPS
Group
Initial 
Mean 
N Ft./Sec.
Final
Mean
Ft./Sec.
Observed
Diff.
Ft./Sec.
S.E.
D t P
I 15 24.2 24.4 0.2 .22 0 .9 2 N.S.
II 15 23.9 2 6 .0 2.1 .46 4.58 .01
III 15 2 3 .8 2 5 .6 1.8 .22 8*35 .01
IV 15 23*4 23 .8 2.4 .26 9*38 .01
V 15 23.9 25.8 1 .9 -58 3*27 .01
VI 15 2 3 .6 2 6 .3 2 .7 -19 14.43 .01
t's needed: 2.14 atthe .05 level; 2.98 atthe .01 level
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table V
ANALYSIS OF VARIANCE FOR THE SIX TRAINING GROUPS IN 
WEIGHTED-BALL VELOCITY
Source SS df F P
A 108.20 2 54.10 IO.76 .0 1
B 143.82 1 143-82 28.59 .0 1
AB 36.69 2 18.34 3.65 .05
Error 422.52 84 5.03 — —
P 14.00 4 3.50 5.93 .01
AP 1.71 8 0 .2 1 O.3 6 N.S.
BP 2 .0 1 4 0 .5 0 O.85 N.S.
ABP 5.42 8 O .67 1.14 N.S.
Error P 199.81 336 0.59 — —
Total 934. J8 449 — — —
A: Factors of strength
B: Factors of throwing
P: Five periods of fifteen trials
The comparison "between the five and ten-pound resistance groups, 
the first comparison in Table VI, showed no significant difference. An 
F-ratio of only .21 was much less than the required 3-95 at the .05 level 
of confidence. A significant difference at the .01 confidence level was 
found when the combined effects of the five and ten-pound resistance 
groups were compared to the no-resistance groups. The combined effects 
of the five and ten-pound resistance groups were superior to the no­
resistance groups. This comparison yielded an F-ratio of 21.09, far 
above the required 6 .9 5.
There was also a significant difference, as shown by the F-ratio 
of 2 8.59, between the two levels of throwing at the .01 level of confidence 
(see Table V, page 64). The throwing groups had a mean of 2 .3 6 which was 
superior to the mean of 1 .2 3 by the simulated throw groups.
This superiority was not consistent over the three levels of 
strength training. The F-ratio of 3 .65 for the interaction between the 
levels of strength and the levels of throwing (Factor AB, Table V) 
attained significance at the .05 confidence level.
To locate the cause or causes for this interaction, orthogonal 
comparisons were computed. The differences between the mean gains of the 
two throwing groups for each level of strength training were utilized for 
these comparisons. The comparison of the differences between throwing and 
simulated throwing for the five and ten-pound resistance groups resulted 
in an F-ratio of .02 (see Table VI, Comparison 1 for the AB interaction). 
However, when the combined differences between throwing and simulated 
throwing of the two strength training groups were compared to the
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TABLE VI
ORTHOGONAL COMPARISONS FOR THE MEAN GAINS IN WEIGHTED BALL 
VELOCITY BY FACTORS OF STRENGTH AND FOR THE INTERACTION 
BETWEEN THE FACTORS OF STRENGTH AND THRONING
Source SS df M2 ' F P
A 108.20 2 54.10 10.76 .0 1
C1 1 .0 8 1 1 .08 0 .2 1 N.S.
C2 106.09 1 106.09 21.09 .0 1
AB 36 .6 9 2 afl.34 3.65 .05
C1 0 .0 9 1 O .09 0 .0 2 N.S.
°2 36.25
1 36.25 7 .2 1 .0 1
Error 422.52 84 5-03 —
A: Factors of strength
B: Factors of throwing
C1: Comparison I 
C: Comparison 2
no-resistance groups, an F-ratio of 7-21 resulted which was significant 
at the .01 confidence level. This superiority favored the no-resistance 
groups. Therefore, this interaction resulted frcm the poorer performance 
by the simulated throw no-resistance group. The results of this comparison 
are shown as Comparison 2 under the AB interaction in Table VI on page 6 6.
In Table V, page 6k, it Is shown that significant differences were 
discovered among the six groups in their performance over the five periods
of fifteen trials. The F-ratio of 5*93 exceeded the 3*38 required for the
.0 1 confidence level.
No significant differences were found for the interaction of the 
five periods with the three levels of strength, the two levels of throwing, 
or the combined effects of strength and throwing. These interactions are 
referred to as AP, BP, and ABP, respectively, in Table V. None of the
F-ratios for these three interaction tests were close to attaining 
significance.
Analysis of Variance and Regression for Means of the Five Periods in 
Weightcd-Ball Velocity
Although significant differences were discovered among the six 
groups for the five periods, this did not reveal the significance of the 
differences among the five periods for all of the groups combined. To 
calculate these mean differences, analysis of variance was computed.
The means for each of the five periods, shown in Appendix R on page 110, 
for the combined six groups were utilized. Significance was attained 
at the .01 confidence level with an F-ratio of 5*95*
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To further analyze these differences, regression comparisons were 
computed using the means for each of the five periods. Of the four 
comparisons, only the linear trend was significant. An F-ratio of 21.6l, 
shown in Table VII, surpassed the required 6 .72. for the .01 level of 
confidence. The regression line, which demonstrates the linear nature 
of the weighted-ball throws, was plotted graphically and 1b illustrated 
in Chart I, page 58 •
Endurance performance was analyzed further to determine if signifi­
cant differences were present among the five periods for each factor of 
strength and throwing. Analysis of variance was utilized for further 
investigation. First, the data for each of the three levels of strength 
training were analyzed to determine if a significant difference occurred 
among the five periods. Only the ten-pound resistance groups showed a 
significant difference. The F-ratio of 3*02 surpassed the required 2.4l 
at the . 05 confidence level (see Table VII). The orthogonal regression 
revealed a significant linear trend at the .01 level of confidence. An 
F-ratio of 10.39 was for beyond the necessary 6 .7 2. Regression plots 
for these three levels may be found in Chart IV, page 7°*
The analysis of variance for the two levels of throwing showed a 
significant difference among the five periods only by the softball throw 
groups. An F-ratio of 4.86, shown in Table VII, was obtained which 
surpassed the 3*36 needed for significance at the .0 1 level of confidence.
A significant linear trend resulted from the orthogonal regression at the 
.01 confidence level. The F-ratio of 17 .63 exceeded the required 6 .7 2. In 
spite of this decline, the softball throw groups maintained a much greater
TABLE VII
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ANAIXSIS OF VARIANCE AND REGRESSION FOR MEAN GAINS IN WEIGHEED-BAIL 
VELOCITY ON TRIALS OF FIFTEEN BY AIL GROUPS, BY STRENGTH 
GROUPS AND BY THROWING GROUPS
Source SS df F P
A H  Groups 14.02 4 3.51 5.95
HO•
Linear 02.75 1 12.75 21.61 .01
A1 4.65 4 1.16 1.97 N.S
A2
4.20 4 I.05 1.78 N.S
a3 7.11 4 1.78 3.02 .05
Linear 6.13 1 6.13 10.39 .01
B1 4.65 4 I.16 1-97 N.S,
b2 11.46 4 2 .87 4.86 .01
Linear io.4o l lo.4o 17.63 .01
Error P 199.81 336 0.59 __
A]_: No-resistance factor
Ag: Five-pound resistance factor
Ao: Ten-pound resistance factor
B1: Simulated throw factor
Bg: Softball throw factor
CHARI? XV
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REGRESSION PLOTS FOR MEAN GAINS IN WEIGHTED-BALL VELOCITY
BY STRENGTH FACTORS
3.0 ft.
2.5 It.
2 .0  ft.
<x>
1.5 ft.
1 .0  ft.
0 .5 ft.
1st 15 
Trials
2nd 15 
Trials
3rd 15 
Trials
4th 15 
Trials
5th 15 
Trials
N = 30
A-^  (No-resistance factor) . . . .  
Ag (Five-pound resistance factor) 
(Ten-pound resistance factor) _
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velocity ever the seventy-five throvs than did the simulated throw 
groups. Chart V illustrates the regression plots for the two levels 
of throwing.
HI. ATIAT.YSTS OF THE TRAINING EFFECTS ON STRENGTH DEVELOEMEJTT
Analysis of the Mean Strength Gains by the Six Training Groups
Analysis of strength gains was an incidental purpose of the study. 
This was done to make sure that those groups which trained for strength 
while simulating the underhand throw did gain in strength as a result of 
the training programs. The mean gains in strength for the six training 
groups were tested for significance by using correlated t-tests.
Both of the training groups which did not train for strength 
failed to attain significant gains. One of the two groups employed the 
simulated throw no-resistance routine while the other group did this in 
addition to the softball throw. Their t~ratios were .62 and 1.15, 
respectively. To achieve significance, a t-ratio of 2.14 was required 
at the .05 confidence level. All of the groups that attained significant 
gains did so at the .01 level of confidence. A t-ratio of 2 .9 8 was 
required. Table VIII, page 73, contains the data for these tests. Pre- 
and post-test strength secures are found in Appendixes N through P, pages 
106 through 108. -
Analysis of Variance fear Strength Gains by the Six Training Groups
The differences among groups in strength gains were analyzed by 
analysis of variance. As expected, only the levels of strength were
CHART V
72
REGRESSION PLOTS FOR MEAN GAINS IN WEIGHTED-BALL VELOCITY
BY THROWING FACTORS
3 .0  ft.
1st 15 
Trials
2 .5 ft. -
2 .0  ft. -
1 .5 ft. _
2nd 15 
Trials
3rd 15 
Trials
4th 15 
Trials
5th 15 
Trials
1 .0 ft. -
0 .5 ft.
N = 45
Bn (Simulated throw factor) 
Bg (Softball throw factor)
TABLE VHI
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SIGNIFICANCE OF MEAN GAINS XN STRENGTH BY THE SIX
TRAINING GROUPS
Group N
Initial
Mean
Final
Mean
Mean
Gain
S.E.
D t P
I 15 19 .9 20.0 0.1 0 .1 6 0.62 N.S.
II 15 2 1 .9 22.3 0.4 0.35 1.15 N.S.
III 15 1 9 .1 20.5 1.4 0 .2 7 3.10 .01
IV 15 2 0 .7 22.3 1 .8 0 .3 8 ^•73 .01
V 15 2 1 .9 24.3 2 .6 0.48 5.46 .01
VI 15 19 .2 22.2 3.0 0.57 5.27 .01
t'b needed: 2.14 at the .05 level; 2 .9 8 at the .01 level
significantly different. An F-ratio of 19*2^, shown in Table IX, 
attained significance at the .01 confidence level.
This significant difference among the levels of strength was 
further analyzed to determine which level was significantly better in 
developing strength. Planned orthogonal comparisons were utilized. The 
five-pound resistance groups were matched against the ten-pound resistance 
groups for the first comparison. An F-ratio of 10.66 revealed that the 
ten-pound resistance groups were significantly better than the five-pound 
resistance groups in developing strength. The mean gains in strength for 
these two groups were 2.8 and 1.6, respectively. The required F-ratio 
at the .01 level of confidence was 6 .9 5. The combined mean performance of 
the five and ten-pound resistance groups was then compared to the mean gain 
of 0.25 by the no-resistance groups. This resulted in an F-ratio of 27*61 
which was also significant at the .01 confidence level.
The comparison presented in Table IX showed that there was no 
significant difference between the throwing and simulated throwing groups 
in developing strength. The F-ratio for this test failed to attain the 
3>95 needed for significance at the .03 level of confidence. There was 
no interaction, whatsoever, between the levels of strength and the levels 
of throwing. Therefore, the differences among the levels of strength 
training were uniform for both simulated and softball throwing.
IV. INTERCOBRELATIONS BETWEEN THE VARIABLES 
OF STRENGTH AND VELOCITY
The Pearson Product-Mcment Method of correlation was used to 
calculate the relationships between strength and velocity. When the
TABIE IX
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ANAIXSIS OF VARIANCE FOB STRENGTH GAINS AND ORTHOGONAL 
COMPARISONS FOR THE FACTORS OF - STRENGTH
Source SS df up F P
A 8 7 .0 0 2 43.50 19.24 .0 1
C1 24.10 1 24.10 1 0 .6 6 .0 1
C2 62.40 1 62 .40 2 7 .6 1 .0 1
B 5 .0 0 1 5 .0 0 2 .2 1 N.S.
AB 0 .0 0 2 0 .0 0 0 .0 0 N.S.
Error 190.00 84 2 .2 6 — —
A: Factors of strength 
B: Factors of throwing 
Cj: Comparison 1 
Cg: Comparison 2
pre-test strength scores were correlated, with the pre-test softball 
velocity scores, a correlation of .51 resulted. An r of .270 was 
required for significance at the .01 confidence level. The correlation 
between pre-test strength scores and pre-test weighted-ball velocity 
scores yielded a significant correlation coefficient of .36. Softball 
velocity was discovered to be significantly related to weighted-ball 
velocity when pre-test scores of the ninety subjects were analyzed. The 
correlation coefficient for this relationship was .44. These significant 
and positive relationships indicated that high scores attained on one test 
were accompanied by relatively high scores on the other. Table X illus­
trates these correlations.
The relationship between strength and softball velocity was reduced 
considerably when gain scores were analyzed. A correlation coefficient 
of only .24 resulted. The r required for significance at the .05 confi­
dence level was .207* The relationship between strength gains and gains 
in weighted-ball velocity was also less than when initial scores were 
correlated. The r of .27* shown in Table XI on page J8, was significant 
at the .01 confidence level. The relationship between softball and 
weighted-ball velocity (r = .40) remained relatively the same when gains 
were utilized as when initial scores were correlated.
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TABLE X
RELATIONSHIP BETWEEN PRE-TEST SCORES IN STRENGTH AND VELOCITY 
FOR THE SIX TRAINING GROUPS COMBINED
Variables
Number of 
Subjects df r P
Strength 
versus 
Softball Velocity 90 88 •51 .01
Strength
versus
Weighted-Ball
Velocity 90 88 • 36 .01
Softball Velocity 
versus 
We ighted-Ball 
Velocity 90 88 .44 .01
r's needed: .207 at the .05 level; .270 at the .01 level
TABEG XI
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RELATIONSHIP BETWEEN GAINS IN STRENGTH AND VELOCITT FOR 
THE SIX TRAINING GROUPS COMBINED
Variables
Number of 
Subjects df r P
Strength 
versus 
Softball Velocity 90 88 .24 •05
Strength
versus
Weighted-Ball
Velocity 90 88 .27 .0 1
Softball Velocity 
versus 
Weighted-Ball 
Velocity 90 88 .40 • 0 w
r's needed: .207 at the .05 level; .270 at the .0 1 level
CHAPTER V
SUMMARY, FINDINGS, CONCLUSIONS, AND RECOMMENDATION
I. SUMMARY
The primary purpose of this study was to determine the effects of 
six training programs on the development of power in projecting light 
and heavy objects in an underhand threw. A second purpose was to investi­
gate the effects of the six training programs on endurance in the pro­
jection of light and heavy objects. An incidental purpose was to analyze 
the development of strength by all participating groups. Finally, the 
study sought to analyze the relationship between strength and velocity.
The ninety subjects involved in the study were male freshmen 
enrolled in physical education weight-training classes at the University 
of Southwestern Louisiana, Lafayette, Louisiana. All subjects were 
oriented concerning testing and training procedures during the week 
prior to the beginning of the study. Demonstrations and practice as 
well as verbal instructions were given to the subjects at that time.
Strength and velocity tests were administered to all subjects 
during the first week of the study. Two trials were given to test 
strength in the initial position of the underhand throw by utilizing 
the cable tensioraeter. Underhand softball and weighted-ball velocity 
tests were also administered. Seventy-five throws were allowed for 
each of these two tests.
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Subjects were randomly divided into six training groups for each 
of the six participating activity classes. All six groups trained in 
their respective programs for five weeks. All groups were strapped into 
specially designed chairs while performing their training routines. Sub­
jects in Group I practiced thirty simulated underhand throws with no 
resistance for their program. Group II also did this in addition to throwing 
regulation softballs forty-five times. Thirty simulated underhand throws 
with five-pound resistance on a pulley weight were performed by Group HI.
In addition to practicing Group Hi's routine, Group IV also threw the 
softball forty-five times. A pulley weight with ten-pound resistance 
was employed by Group V in performing thirty simulated underhand throws, 
and Group VI combined forty-five softball throws with Group V's routine.
The strength and velocity tests were administered again following the 
conclusion of the five-week training program.
Data were first analyzed by correlated t-tests to determine the 
significance of the mean gains by all groups in softball and weighted-ball 
velocity. Analysis of variance was incorporated into a Type III design 
to determine the differences among groups in weighted-ball velocity and 
endurance. To investigate the endurance variable, the velocity scores 
were divided into five periods of fifteen trials each. Orthogonal com­
parisons were employed to determine the location of differences among the 
groups in velocity. A Type III design utilizing analysis of covariance 
was used to analyze the differences among groups in softball velocity and 
endurance. Further analysis of softball and weighted-ball endurance was
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done by analysis of variance and orthogonal comparisons for establishing 
regression. Regression lines were graphically analyzed. Strength gains 
made by the six groups were also analyzed. The relationships between 
strength and velocity were computed by coefficients of correlation.
II. FINDINGS 
The findings of this study were as follows:
1. All groups improved significantly in softball throwing velocity
performance.
2. There were no significant differences among the three strength
training groups in the amount of improvement made in soft­
ball throwing velocity.
3. Softball throwing was significantly more effective than simu­
lated throwing in softball-velocity development.
4. The groups which trained with either softball throwing or
simulated throwing against five or ten-pound resistance 
were significantly effective in maintaining endurance 
over seventy-five softball throws.
5. All groups experienced significant gains in weighted-ball
throwing velocity except the group that trained with simu­
lated throwing against no resistance.
6. The five-pound resistance group and the ten-pound resistance
group were not significantly different in weighted-ball 
velocity gains, but the two combined were significantly 
superior to the no-resistance group.
7* Softball throwing was significantly more effective than
simulated throwing in developing weighted-ball velocity 
gains.
8 . A significant interaction was found between strength training
and throwing because of the large performance difference 
between the group simulating throwing against no resist­
ance and the softball-throwing group; in spite of this, 
softball throwing was superior to simulated throwing at 
all levels of strength training.
9 . ahe groups that trained by throwing and/co* by simulating
throwing against five or ten-pound resistance were able to 
effectively sustain higher velocity gains for seventy-five 
throws with the weighted ball than the other training groups.
10. Significant strength gains were realized only by the five
and ten-pound resistance strength training groups with the 
latter groups significantly superior to the former.
11. Significant relationships were found between strength and
weighted-ball velocity, strength and softball velocity, 
and softball and weighted-ball velocity for both pre-test 
and gain scores, but the relationships were less when gain 
scores were used than when initial scores were correlated.
Discussion of Findings
The findings of this study were generally in agreement with those 
of most of the previous studies concerned with the development of power. 
Generally, these studies found that some farm of weight training was
conducive to improving power in projecting a light object. In addition, 
most of the results indicated that weight training was more effective 
than the actual throwing of the light object.
This study found that throwing the softball and simulating throwing 
against resistance were both effective in increasing velocity. However, 
the mean gains indicated that throwing the softball was more effective 
in increasing power than simulating throwing against resistance, and 
almost as effective as the two methods combined.
Although this investigator expected to find the simulated throwing 
against resistance more effective than softball throwing for increasing 
weighted-ball velocity, the opposite was evident. The practice of speci­
ficity in throwing the softball may have caused this development in spite 
of the weight of the object thrown for weighted-ball velocity. It was 
apparent that the development of strength was not the dominant factor in 
increasing power regardless of the projectile's weight.
The findings of this study also indicated that endurance performance 
was maintained effectively by the groups which threw softballs and those 
that simulated throwing against resistance. This was evident for both 
the softball and weighted-ball velocity performances. It was expected 
that the strength training groups would be more effective in endurance 
performance, especially in throwing the weighted object. The study by 
Bass,1 in which strength was developed iscmetrieally, found that the 
strength training groups were more effective in endurance performance 
in projecting a softball.
8U
As most of the previous studies had shown, greater strength was 
developed by those groups which utilized the most resistance. Among the 
groups that trained with resistance, the groups employing the most resist­
ance also experienced the greatest observed velocity gains in the weighted- 
ball throw. However, these gains were not greater than those of the soft­
ball groups, nor were they maintained more effectively for seventy-five 
throws.
Many of the studies in the literature found that strength was 
significantly related to power. This study also found a significant 
relationship when initial strength and velocity scores were correlated. 
However, this relationship declined when gain scores were correlated 
following the five-week training program. This may be explained by the 
fact that only four of the six training groups made significant gains in 
strength. In comparison, all six of the training groups realized signifi­
cant gains in softball velocity and five of the groups experienced sig­
nificant gains in weighted-ball velocity. Therefore, the subjects who 
made high gains in velocity did not necessarily produce high gains in 
strength. Consequently, low correlations were found.
HI. CONCLUSIONS
The following conclusions were drawn within the limitations of this
study:
1. Training by simulating throwing against resistance or by throw­
ing with or without supplementary simulated throws against 
resistance will bring about Improvements in velocity and 
endurance in throwing light and heavy objects.
2. draining involving actual throwing is metre effective In
developing velocity In throwing a light or heavy object 
than training by simulating throwing. However, the use 
of resistance while simulating throwing appears to be as 
effective in improving velocity as throwing with and 
without supplementary strength training.
3 . The greatest endurance is achieved in throwing light and
heavy objects by simulating throwing against a large 
resistance and by throwing, 
h. Greater gains are made in strength when the resistance used 
in training is increased.
5 . A higher relationship exists between strength and velocity 
when initial performances are correlated than when gains 
in performance resulting from training are correlated.
IV. KECOMMEKDATION
Based upon the findings of this study, it was suggested that 
further investigation be conducted involving specificity in projecting 
objects in which training programs would consist of projecting the 
actual objects to be used in activities requiring power.
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APPENDIXES
APPENDIX A
SUBJECT'S PERSONAL DATA SHEET
NAME GROUP I, II, III, IV, V, VI
STRENGTH SCORES
Initial 
Trial I
Initial 
Trial II
Final 
Trial I
Final 
Trial II
UNDERHAND SOFTBALL THROW SCORES
Initial Final
1st
15
2nd
15
3rd
15
4th
15
5th
15
1st
15. i
2nd
15
3rd
15 _
4th
15
5th
15
Av. Av. Av. Av. Av. Av. Av. Av. Av. Av.
Total Av. Total Av.
UNDERHAND Vi
lCQ
Av. Av. Av. Av. Av. Av. Av. Av. Av. Av.
Total Av. Total Av.
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APPENDIX B
PEE- AND POST-TEST MEAN SCORES FOR SOFEBALL VELOCITY IN FIVE PERIODS OF FIFTEEN TRIALS
FOR THE SIMULATED THROW NO-RESISTANCE GROUP*
First 15 Second 15 Third 15 Fourth 15 Fifth 15
Subjects Pre Post Pre Post Pre Post Pre Post Pre Post
1 38 .5 43.5 39*2 42.0 39*2 42.3 39*8 40.6 40.0 40.8
2 35*8 42.0 35*3 44.9 34.9 45*3 33*9 44.2 33*5 44.2
3 34-9 37*1 34.9 37-5 34.9 36 .7 34.9 38.2 35*3 36 .2
4 42.0 42.3 41.6 42.3 41.6 42 .3 42.7 42.0 42.7 43.1
5 37*5 41.2 38.4 4l.6 38.8 41.2 38.4 41.2 38.4 42.0
6 4o.4 43 .8 to.8 42.7 to.o 42 .7 to.4 42.7 40.8 42.7
7 37*5 42 .3 39*6 43.1 40.8 43.5 to.8 44.9 42.0 44.2
8 40.0 41.6 to.o 40.8 35*8 41.2 35*3 39*6 35*3 41.2
9 37*1 40.4 38.4 41.2 39*2 38 .4 37*9 37*1 to.4 37*5
10 36.2 37*9 37*5 38.8 36.7 to.o 36.7 39*6 37 .1 to.o
11 4o.o 4o.4 42.0 42.0 39*6 41.6 39*2 42.0 39*2 42 .7
12 36 .7 4o.8 36 .2 38 .4 33*9 37*5 35*3 38 .4 33*5 36 .7
13 37*5 39*6 36 .7 40.8 38.4 39*6 37*1 39 .6 37*5 to.o
14 35*8 38.4 33 .9 38.4 35*3 38.4 35*8 38 .4 36 .2 38.4
15 39*2 4 3 .1 4o.8 to.8 4o.8 4 3 .1 41.2 43 .1 4o.S 42 .7
Total
Mean 38.0 41.0 38.4 41.1 38 .0 40.9 37*9 39 .9 38.2 40.8
*Scorea are given in feet per second
APPENDIX C
ERE- AND POST-TEST MEAN SCORES FOR SOITBALL VEDOCm IN FIVE PERIODS OF FIFTEEN TRIALS
FOR THE SOFEBAH, THROW GROUP*
First 15 Second 15 Third 15 Fourth 15 Fifth 15
Subjects Pre Post Pre Post Pre Post Pre Post Pre Post
1 31.5 41.6 32.5 41.6 31*5 43 .1 32.5 42.3 32.5 42 .7
2 38 .8 43*5 40.8 42.0 41.6 43.5 41.2 43.8 41.2 44.2
3 38.8 42.7 40.0 4 2 .7 41.2 4 2 .7 40.8 42.0 40.8 41.6
4 38.4 42.0 38.4 41.6 38.4 42 .3 38.8 42.0 39*2 42.0
5 41.6 43 .8 41.6 44.2 42.7 43 .8 42.0 42.7 42.0 42.3
6 35.3 4 0 .0 33*9 41.2 33*9 41.2 34.9 40.8 34 .4 41.2
7 40,8 42 .3 41.6 4 3 .1 41.6 43*1 39*6 42.7 4o.o 44.2
8 37-1 42.0 39*6 42 .7 39*6 42.3 39*2 42.7 38 .8 43 .1
9 34.4 39.6 33*5 40.0 33*9 4o.o 33*9 40.4 33.5 39*6
10 37.1 42 .7 38.8 43*8 38.8 42 .3 4o.o 4 3 .1 37 .9 4 3 .1
n 37*1 4 3 .1 38.4 42 .7 4o.o 43*5 39*2 43*5 38.8 45 .6
22 36.2 4o.4 36.2 41.2 36.2 42.0 35*3 41.6 35 .3 41.6
13 34.4 44.5 35*8 44.5 35*8 44.2 35*3 43 .8 35 .3 43.8
14 37*5 43*1 37*5 42.3 37*5 43 .8 37*5 42.7 37 .9 43*5
25 34.4 38.8 37*1 4o.o 35*8 39*6 37*5 4o.4 37 .9 4o.o
Total
Mean 36.9 42.0 37*7 42.2 37*9 42.5 37*8 42.2 37 .7 42.6
♦Scores are given in feet per second.
APPENDIX D
PRE- AND POST-TEST MEAN SCORES FOR SOFEBALL VELOCITX IN FIVE PERIODS OF FIFTEEN TRIAIS
FOR THE SIMULATED THROW FIVE-POUND RESISTANCE GROUP*
First 15 Second 15 Third 15 Fourth 15 Fifth 15
Subjects Pre Post Pre Post Pre Post Pre Post Pee Post
1 3^*9 4o .4 34.9 40.4 3^.4 37 .9 34.4 38.8 33-9 39-2
2 38.4 42.0 38,8 43-5 38 .8 43 .8 40.0 4 2 .7 39-8 43*5
3 41.2 41.2 42.0 42.3 42.0 41.6 42.0 42.0 42-3 4l.6
4 33.9 42 .3 34.4 40.4 35 .3 39-8 33.9 4o.o 36.7 39.2
5 38.4 42 .3 40.8 43.8 41.6 44.2 41.6 44 .9 41.2 ^5-3
6 37.9 4o.8 39.6 42.7 4o.8 43 .1 4o.4 4 3 .1 40.8 43.5
7 37-5 42.0 39.2 42 .3 39-2 43.8 4o.o 44.2 41.6 44.2
8 36.7 39.8 36 .2 41.6 36 .7 42 .3 39.6 4 3 .1 39.8 42 .7
9 39.2 42 .7 39.8 43.1 i|0.8 43.5 41.6 44.2 42.0 44.2
10 31.0 36.7 31.0 36 .7 32.5 37.1 31 .0 37.9 31 .0 37.9
11 33-0 35.3 33.0 36.7 33.0 36 .2 32.0 35.8 33.0 36.7
12 35.3 41.6 36.7 ^3.5 38.4 42.7 38.8 44.5 38.8 44 .9
13 35.8 43.8 3^.9 42.7 37.1 42.7 37.5 41.6 38.8 4o.8
14 38.8 41.6 40.0 41.2 40.4 40.8 39-6 41.6 39.2 41.6
15 38.4 40.8 37.1 42.0 37.1 42.7 38.4 42.3 37-9 42.0
Total
Mean 36.7 40.9 37.2 41.5 37.9 41.5 33.1 41.8 38.4 41,8
*Scores are given in feet per second
APPENDIX E
PRE- AND POST-TEST MEAN SCORES FOR SOFTBALL VELOCITY IN FIVE PERIODS OF FIFTEEN TRIALS
FOR THE GROUP WHICH PRACTICED BOTH THE SIMULATED THROW WITH A FIVE-POUND
RESISTANCE AND SOiTBALL THROWING*
First 15 Second 15 Third 15 Fourth 15 Fifth 15
Subjects Pre Post Pre Post Pre Post Pre Post Pre Post
1 38 .8 43.5 40.0 44.2 40.4 5^ .3 39-6 46.0 39-2 46.7
2 37-1 41.2 36.7 41.6 35-8 41.2 37-1 4o.4 37.1 4o.o
3 37-1 42.0 36.7 42 .7 37-9 43.1 37-5 43 .8 37-9 44 .9
4 36.7 40.8 35-3 39.6 35-3 38.8 34.4 39.6 34.4 39.6
5 42.3 46.0 42.3 46 .7 42.0 45.6 42.3 45.3 41.2 44.5
6 33-5 39-2 33-5 40.4 32.5 40.8 32 .0 4o.o 31.0 42 .3
7 37-9 40.8 38.8 40.8 39-6 42.0 39-2 42.0 38.8 42 .3
8 36.2 41.2 43-5 42.0 35.8 43.1 35.8 42 .3 35 .8 42.3
9 35.8 42.3 37.9 43.5 37-5 43-5 38 .8 45*3 39 .6 44.5
10 33.0 38.4 32.5 37.9 33-5 38.4 34.4 37.5 33 .0 37-5
11 34.4 42,0 34.4 39.6 34.9 4o.o 35*3 41.2 35.8 41.2
12 36.7 41.2 37-5 4l.6 38 .8 41.2 38 .8 41.2 37 .9 41.6
13 36.7 4o.o 36 .2 39-6 35-8 39-6 35-3 4o.o 36.2 4o.o
14 41.6 42.0 42.0 43-1 4o.4 42 .7 4o.o 43.5 4o.o 43 .8
15 37-1 4o.o 37.5 42.0 37.1 42.0 37.5 4 3 .1 37.5 42 .7
Total
Mean 37*0 4i.4 37 .7 4 1 .7 37.2 4l-9 37.2 42.1 37.0 42.2
♦Scores are given In feet per second
APPENDIX F
ERE- AND POST-TEST MEM SCORES FOR SOETBALL ’VELOCITY' IN FIVE PERIODS OF FIFTEEN TRIALS
FOR THE SIMULATED THROW TEN-POUND RESISTANCE GROUP*
First 15 Second 15 Third 15 Fourth 1? Fifth 15
Subjects Pre Post Pre Post Ere Post Pre Post Pre Post
I 40.4 41.2 46.8 43 .1 40.4 43.1 40.8 42.3 40.4 4o.5~
2 39*2 40.4 39*6 41.2 40.4 40.8 40.0 42.0 41.2 41.2
3 37-9 41.6 37*5 42.3 37*1 42.3 38.4 42.7 38.8 42.0
4 40.4 4o.8 39*2 41.6 39*6 41.6 40.0 41.2 4o.o 41.2
3 35*8 37*5 37*1 39*2 38.8 40.8 40.4 4o.4 39*6 4o.8
6 4o.o 42.0 39*2 43*8 4o.o 43-8 38.4 44.2 4o.o 44.2
7 39*6 41.6 39*6 43.8 4o.4' 44.9 40.4 43.8 41.2 43.8
8 34.9 4o.8 36.7 42.0 37*1 41.6 37*1 40.8 35*8 39*6
9 34.9 39*2 33*9 40.0 33*0 4o.4 33*5 40.8 33*9 40.4
10 38*4 41.2 4o.o 41.6 39*2 41.6 37*1 42.0 35*3 42.3
11 4o.o 43 .1 4o.o 43*5 41.6 43*5 42.3 44.2 42.0 43*1
22 36.7 40.4 36.7 42.3 37*9 42.0 33.8 42.0 39*6 43*5
13 38.8 40.4 37*1 41.2 37*5 42.0 37*1 42.0 37*5 41.6
14 37*1 43.1 37*5 43.8 38.4 43.8 39-6 43.8 4o.o 44.2
15 37*9 4o.o 39*6 4o.o 38.8 39*6 40.4 38.8 38.8 39*6
Total
Mean 38.1 40.9 38.3 42.0 38.7 42.1 39*0 42.1 39*o 41.9
*Scores are given in feet per second
APPENDIX G
ERE- AND POST-TEST MEAN SCORES FOR SOFTBALL VELOCITY IN FIVE PERIODS OF FIFTEEN TRIALS
FOR THE GROUP WHICH PERFORMED BOTH THE SIMULATED THROW WITH A TEN-POUND RESISTANCE
AND SOFTBALL THROWING*
First 15 Second 15 Third 15 Fourth 15 Fifth 15
Subjects Pre Post Pre POBt Pre Post Pre Post Pre Post
1 35- 8 39.8 35.3 39-2 35.8 39-2 36.2 38 .8 36.2 39-2
2 38.4 1*0 .0 4o.o 41.6 38.4 40.0 39-2 38 .8 40.4 40.0
3 37-9 1*1 .6 37*5 42.3 38.8 43.1 41.2 42.3 40.0 42.7
4 37-9 37-9 37-9 38.4 38.8 4o.o 38.4 37*9 38.4 38.4
5 35-8 1*0.1* 35.3 40.8 35.3 42.0 36.2 44.2 37-1 44.9
6 37-5 1*1*. 5 38.4 46 .7 39.6 46.3 39-2 46.3 39-6 46.3
7 35-3 1*2 .7 33.5 42 .3 34.4 41.6 33.9 42.7 34.4 43.8
8 34.9 38 .8 35.3 38.8 34.9 39-2 34.9 39.6 34.9 39-6
9 37-5 1*3-5 37-9 45.3 37.9 4 5 .6 37.5 45.3 37.5 44.9
10 33-5 ItO.O 33.9 41.2 34.4 42.0 34.9 42.0 37-9 41.2
11 37-1 1*4.9 37.9 46.0 39.2 45.3 39.2 46.0 38 .8 46.0
12 33-9 40.8 36.2 41.2 35.8 40.8 35.8 41.2 34.4 41.6
13 36.7 40.0 37-1 40.0 38.4 4o.o 38.8 39 .6 39-2 38.4
li* 37.9 43.5 38 .8 43.5 37.5 43.5 36.7 43 .8 36.7 43.5
15 35.3 44.5 35.8 45.3 37-9 45.3 37.5 44.5 37-1 44.2
Total
Mean 36.1* 41.6 36.7 42.2 37.1 42.2 37-3 42.2 37-5 42.3
*Scores are given in feet per second
APPENDIX H
ERE- AMD POST-TEST MEAN SCORES FOR WEIGHTED-BALL VELOCITY IN FIVE PERIODS OF FIFTEEN TRIALS
FOR THE SIMULATED THROW NO-RESISTANCE GROUP*
First 15 Second 15 Third 15 Fourth 15 Fifth 15
Subjects Pre Post Pre Post Pre Post Pre Post Pre Post
1 25.9 2 7 .1 26.5 2 7 .1 2675 25-9 26.5 26 .5 26 .5 26.5
2 25.3 25.3 24.7 25.3 24.7 25.3 23.3 23-3 2 2 .6 22 .6
3 23-3 25.3 23.3 24.7 23-3 24.7 24.0 24.7 23.3 24.7
4 24.0 24.0 24.0 24.0 24.0 2k .0 24.0 24.0 23-3 2 2 .6
5 24.7 25 .3 24.0 25-3 25 .3 24.7 24.0 24.7 24.0 23.3
6 23.3 24.0 24.0 24.0 2 2 .6 24.0 2 6 .6 24.0 2 2 .6 23.3
7 23-3 2 2 .6 23-3 22 .6 2 2 .6 2 2 .6 23-3 22 .6 22 .6 23.3
8 25.3 25-3 24.0 25.3 24.0 24.7 23.3 24.7 23.3 24.0
9 2 7 .1 2 7 .1 26 .5 25.3 25.3 24.7 24.7 24.0 24.0 24.0
10 2 2 .6 22 .6 2 2 .6 2 2 .6 23-3 22 .6 23.3 2 1 .9 24.0 21*9
n 24.0 24.0 24.0 24.0 24.0 24.0 23.3 23.3 24.0 23.3
22 25.9 24.0 24.7 24.0 24.0 24.7 24.0 24.0 2 2 .6 24.7
13 2 2 .6 23.3 23 .3 23 .3 24.0 23-3 22.6 23 .3 23.3 22 .6
14 23-3 22.6 22.6 22.6 22.6 23.3 23.3 22.6 22.6 22.6
15 26 .5 28.3 26 .5 28.3 26.5 27.7 25.9 26 .5 25.9 25.9
Total
Mean 24.5 24 .7 24.3 24.6 24.2 24.4 24.1 24.0 23 .6 23.7
♦Scores are given in feet per second
APPENDIX I
PRE- AND POST-TEST MEAN SCORES FOR WEIGHTED-BALL VELOCITT IN FIVE PERIODS OF FIFTEEN TRIAIS
FOR THE S05TBALL THROW GROUP*
First 15 
Subjects Pre Post
Second 15 
Pre Post
Third 15 
Pre Post
Fourth 15 
Pre Post
Fifth 15 
Pre Post
1 21.9 2 5 .9 21 .9 25.3 21 .9 25.3 21.2 24.7 21.2 24.7
2 24.0 27.1 24.0 26 .3 2 4 .7 2 7 .1 25.3 2 7 .1 23-3 26 .5
3 26 .5 26.5 2 5 .9 2 5 .9 25 .9 25.9 26 .5 23*3 23 .9 24.7
4 2 7 .1 30.5 2 7 .1 30.5 26 .5 30.5 27.7 31-5 28 .3 3O.5
5 25.9 2 8 .3 23-3 2 7 .1 2 4 .7 25.9 ■ 25.3 23.9 2 5 .3 25.3
6 21.2 24.0 21.2 22.6 20.4 22.6 20.4 22.6 20.4 21.9
7 25.3 2 5 .9 25.3 25.9 26.5 25.9 24.7 25.9 2 4 .7 25.3
8 23.3 2 3 .3 24.7 26 .5 24.7 26 .3 24.0 26 .3 2 4 .7 26 .5
9 21.2 2 7 .1 22.6 27.7 19.6 25.3 20.4 26 .5 21.2 25.9
10 24.0 2 7 .1 24.7 27.7 23-3 25.9 24.0 27.7 23.3 27.7
11 22.6 2 7 .1 24.7 27.7 23.3 25.3 24.7 26 .5 24.0 26 .5
12 24.0 25 .3 25.3 23.3 21.2 23.3 21.2 24.0 21.2 24.0
13 23.3 2 7 .7 24.7 2 7 .1 22.6 25.3 23.3 2 5 .9 23-3 23 .3
14 2 7 .1 27 .7 27.7 26 .5 25.9 25.3 26 .5 2 5 .3 26 .5 23 .3
15 21.9 2 4 .7 21.9 24.0 22.6 23.3 22.6 23 .3 21.2 2 3 .3
Total
Mean 24.6 2 7 .2 24.4 2 6 .4 23.6 25.6 23.8 2 5 .9 2 3 .8 2 5 .6
*Scores are given in feet per second
APPENDIX J
ERE- ADD POST-TEST MEAN SCORES FOR WEIGBTED-BALL VELOCITY IN FIVE PERIODS OF FUTEEN TRIALS
FOR THE SIMULATED THROW FIVE-POUND RESISTANCE GROUP*
First 15 Second. 15 Third. 15 Fourth 15 Fifth 15
Subjects Pre Post Pre Post Pre Post Pre Post Pre Post
1 21.9 24.7 22 .6 24.7 2 2 .6 25*3 2 2 .6 25.3 21 .9 26.5
2 25-3 25.9 25-3 25.3 25.3 25.3 24.7 25.3 24.0 25-3
3 26.5 2 8 .3 27.I 27.7 2 7 .1 27.I 27.1 26 .5 27.I 27.7
4 2 2 .6 25.9 24.0 25.9 24.0 25-9 24.0 24.7 2 2 .6 24.7
5 23.3 26 .5 2 4 .7 26.5 24.0 25.9 24.0 26 .5 24.7 25.9
6 24.0 2 7 .1 2 4 .7 27-7 24-7 27.7 24.7 28.3 25.3 27.7
7 26 .5 29.9 2 6 .5 28.8 25.9 28.3 25.9 28.3 25.9 28.3
8 2 2 .6 25.9 23 .3 25-3 24.0 25.9 23.3 26 .5 22.6 25.9
9 24.0 25.9 24.0 25.3 24.0 24.7 24.0 24.7 24.0 25.3
10 21.2 23-3 21.2 21.9 21.2 21.2 21.2 21.9 21.2 20.4
li 21.9 23.3 21.9 23.3 21.9 24.0 21.9 23.3 21.9 2 3 .3
12 24.7 26 .5 24.7 25.9 24.0 24.7 24.0 25.3 24.0 25 .9
13 22.6 24.0 21.9 22.6 21.9 22.6 22.6 22.6 21 .9 22.6
14 24.7 2 5 .9 23.3 24.7 23.3 25.9 23.3 24.7 2 3 .3 24.0
15 24.7 2 7 .1 24.0 26.5 24.0 26.5 23.3 26.5 2 3 .3 25.9
Total
Mean 23.8 26 .0 2 3 .9 25.5 23 .9 25.4 2 3 .8 25.4 23 .6 25.3
♦Scares axe given in feet per second.
APPENDIX K
PBS- AMD POST-TEST MEAN SCORES FOR WEIGHTED-BALL VELOCITY: IN FIVE PERIODS OF FIFTEEN TRIALS
FOR THE GROUP WHICH PRACTICED BOTH THE SIMULATED THROW WITH A FIVE-POUND RESISTANCE
*
AND SOFTBALL THROWING
First 15 Second 15 Third 15 Fourth 15 Fifth 15
Subjects Pre Post Pre Post Pre Post Pre Post Pre Post
1 25-9 29.4 26.5 29.4 26-5 29.4 25.9 28.8 20 .5 28.3
2 23-3 25.9 22 .6 25.3 22 .6 24.7 21 .9 24.0 21 .9 24.0
3 24.0 25.3 24.0 25.9 24.7 25*9 24.7 25.9 24.7 26 .5
4 24.0 2 7 .1 23.3 26 .5 24.0 26.5 23.3 24.7 24-7 24.7
5 27.1 29.9 26 .5 31 .0 25.9 31.0 25.9 30.5 26 .5 30.5
6 22 .6 24.7 2 2 .6 24.7 22 .6 24.0 2 1 .9 24.7 21.9 24.7
7 24.7 2 7 .1 24.7 27.1 24.7 2 7 .7 25.3 27.1 24.0 2 7 .1
8 28.3 26 .5 23.3 25.3 22.6 25 .9 23.3 25.3 23.3 24.7
9 25.3 28.3 24.7 26 .5 24.7 25 .9 24.0 25.3 23.3 25-3
10 21.2 24.0 20.4 23.3 18.4 2 3 .3 19 .6 22.6 1 9 .6 22.6
li 21.9 26.5 21.2 24.7 21.2 22.6 19 .6 21.9 38.4 21.9
12 22.6 25 .3 22.6 24.7 22.6 24.0 21.9 24.7 22.6 24.0
13 22.6 2 5 .9 23.3 25.3 22.6 2 4 .7 21.9 24.0 2 1 .9 23 .3
lb 24.7 26.5 24.7 25.3 24.7 25 .3 24.7 25 .3 24.0 25 .3
15 21.9 25 .9 21.9 25.9 21.9 2 5 .9 22.6 25 .9 21.9 25 .9
Total
Mean 24.1 2 6.6 33*5 26.1 23*3 2g.8 23.1 25.4 23*1 25*3
♦Scores are given in feet per second
APPENDIX L
ERE- AND POST-TEST MEAN SCORES FOR WEIGHTED-BALL VELOCITY IN FIVE PERIODS OF FIFTEEN TRIALS
FOR THE SIMULATED THROW TEN-POUND RESISTANCE GROUP*
First 15 Second 15 Third 15 Fourth 15 Fifth 15
Subjects Pre Post Pre Post Pre Post Pre Post Pre Post
1 23.3 25.3 23.3 24.3 23.3 24.3 23-3 25.9 23-3 25 .3
2 24.7 2 7 .1 24-7 2 7 .1 24.7 26 .5 24.0 25*9 24.0 25 .3
3 26 .5 2 9 .4 25*3 28 .8 25.9 28.3 25-3 27.7 26 .5 28 .8
4 27.1 25*3 2 7.I 26 .5 27 .7 2 7.I 27-7 27.7 2 7 .1 2 7 .1
I 24.7 27.7 24.7 26 .5 24.7 26 .5 24.0 25 .9 2 4 .7 26 .5
6 21.9 24.7 20.4 23-3 20.4 23-3 21.2 21.9 21 .9 21 .9
7 24.0 26.5 23-3 25.9 23 .3 25.9 22.6 25*3 21 .9 25 .9
8 24.0 27.1 24.7 26 .5 24.0 26 .5 24.0 2 7 .1 24.0 26 .5
9 21.2 24.7 21.9 24.7 2 1 .9 24.0 22.6 24.0 2 1 .9 24.0
20 24.0 24.0 23.3 25.3 22.6 2 5 .3 23.3 25 .3 23 .3 2 5 .0
11 21.9 25.9 22.6 25.3 23-3 2 5 .3 22.6 25 .3 22.6 25*3
22 23.3 24.7 23-3 24.0 21.9 23 .3 22.6 2 3 .3 23.3 2 3 .3
13 25-9 2 7 .1 25.9 2 7 .1 25*3 2 7 .1 25-3 26 .5 24.7 26 .5
lit 25-3 2 7 .1 25-3 26 .5 25.3 26 .5 25.3 2 5 .9 25.3 25 .3
15 23.3 25-3 24.0 2 4 .7 22.6 24.0 22.6 2 4 .7 21.9 24.0
Total
Mean 24.1 2 6 .1 24.0 2 5 .8 23.8 25 .7 23.8 25 .5 23*7 25.4
*Scores are given in feet per second
APPENDIX M
PEE- AND POST-TEST MEAN SCORES FOR WEIGHTED-BAIiL VELOCITT IN FIVE PERIODS OF FIFTEEN TRIAIS
FOR THE GROUP WHICH PERFORMED BOTH THE SIMULATED THROW WITH A TEN-POUND RESISTANCE
AND SOPTBALL THROWING*
First 15 Second 15 Third 15 Fourth 15 Fifth 15
Subjects Pre Post Pre Post Pre Post Pre Post Pre Post
1 22.6 24.0 21.9 24.0 21.9 23-3 22.6 22.6 2 1 .9 2 2 .6
2 24.0 2 5 .3 24.0 24.0 23.3 24.7 22.6 24.0 23.3 25.3
3 25-3 26 .5 24.7 2 5 .9 25.3 26 .5 24.0 26.5 25.3 25.9
If 24.7 2 7 .7 24.0 2 7 .7 24.0 27.1 24.0 27.7 24.0 26 .5
5 23.3 26 .5 23.3 26 .5 22.6 25-9 23.3 26.5 23 .3 25.9
6 26 .5 2 8 .3 26 .5 2 9 .4 25.9 28.8 26.5 28 .8 26 .5 29.4
7 24.7 28 .3 25-3 2 7 .7 24.7 27-7 25.3 2 7 .1 2 5 .9 28.3
8 21.9 25 .3 21.9 24.0 21.2 24.7 20.4 23.3 20.4 23.3
9 25.9 2 9 .9 26 .5 28 .8 25-9 29.4 25.9 28.8 26 .5 28 .8
10 21,9 2 5 .3 21.2 24.7 21.2 24.7 21.2 24.7 21.2 24.7
11 22.6 2 5 .9 22.6 2 5 .3 22.6 24.7 21.9 23.3 21.2 21.9
22 24.7 28.8 24.0 2 7 .7 24.0 2 7 .1 23.3 27.I 22.6 25.9
13 24.0 2 7 .1 23.3 26.5 23.3 26 .5 24.0 2 7 .1 24.7 2 7 .1
i4 23.3 26.5 22.6 25 .9 23.3 2 5 .9 22.6 25.3 23.3 25.3
15 24.0 28.8 24.7 28 .3 24.0 27.7 24.7 27.1 24.7 24.0
Total
Mean 23 .9 26 .9 23.7 2 6 .4 23.5 2 6 .3 23.5 26 .0 23 .6 25 .6
♦Scares are given in feet per second
APPENDIX H
106
PRE- AND POST-TEST STRENGTH SCORES FOR THE SIMULATED THROW 
NO-RESISTANCE GROUP AND THE SOFTBALL THROW GROUP*
Simulated Throw Softball Throw
Subjects Pre-Test Post-Test Pre-Test PosVTest
1 24.0 24.0 2 1 .0 2 1 .0
2 20 .0 2 0 .0 2 3 .0 2 3 .0
3 11 .0 9.0 2 6 .0 2 7 .0
4 2 1 .0 2 2 .0 19 .0 2 0 .0
5 23 .0 23-0 2 7.O 24.0
6 21 .0 2 2 .0 2 2 .0 2 3 .0
7 2 6 .0 2 7 .0 2 2 .0 2 3 .0
8 16 .0 17 .0 2 2 .0 2 2 .0
9 2 0 .0 2 0 .0 14.0 15 .0
10 21 .0 2 1 .0 2 2 .0 2 3 .0
11 15 .0 15 .0 2 5 .0 2 7 .0
12 22.0 2 3 .0 14.0 15 .0
13 20.0 1 9 .0 22.0 20.0
lk 16 .0 1 6 .0 29.0 31.0
15 22.0 22.0 21.0 21.0
Total
Mean 19-9 20.0 21.9 22.3
♦Scores are given in units
APPENDIX 0
107
PRE- AND POST-TEST STRENGTH SCORES FOR THE SIMULATED THROW 
FIVE-POUND RESISTANCE GROUP AND THE GROUP PERFORMING 
BOTH THE SIMULATED THROW WITH A FIVE-POUND 
RESISTANCE AND THE SOFTBALL THRO#
Simulated Throw Simulated & Softball
Subjects Pre-Test Post-Test Pre-Test Post-Test
1 15 .0 16 .0 23 .0 23 .0
2 21*. 0 2 5 .0 19 .0 22 .0
3 2 1 .0 2 3 .0 2 9.O 30.0
k 17 .0 18.0 21 .0 23 .0
5 22 .0 24.0 31 .0 31 .0
6 2 0 .0 2 0 .0 16 .0 1B.0
7 2 3 .0 24.0 17 .0 20 .0
Q 15 .0 1 5 .0 2 0 .0 22 .0
9 18 .0 2 0 .0 19.0 23 .0
10 22 .0 2 3 .0 20 .0 2 1 .0
11 1 6 .0 19 .0 22 .0 23 .0
12 16 .0 19-0 16 .0 17.0
13 2 1 .0 2 1 .0 19 .0 21 .0
14 1 6 .0 1 7 .0 23 .0 23 .0
15 2 2 .0 2 3 .0 15.0 20 .0
Total
Mean 19-1 20.5 20.7 22.5
*Scores are given in units
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PRE- AND POST-TEST STRENGTH SCORES FOR THE SIMULATED THROW 
TEN-POUND RESISTANCE GROUP AND THE GROUP PERFORMING BOTH 
THE SIMULATED THROW WITH A TEN-POUND RESISTANCE AND 
THE SOPTBALL THROW*
Subjects
Simulated Throw 
Pre-Test Post-Test
Simulated & Throwing 
Pre-Test Post-Test
1 2 2 .0 2 3 .0 21 .0 2 3 .0
2 2 0 .0 2 3 .0 17.0 19 .0
3 2 3 .0 23 .0 23 .0 24.0
4 24.0 2 8 .0 23.O 24.0
5 2 5 .0 27 .0 2 3 .0 2 1 .0
6 2 2 .0 2 3 .0 21 .0 24.0
7 2 3 .0 25 .0 08.0 2 2 .0
8 2 1 .0 2 6 .0 15 .0 17 .0
9 1 9 .0 2 3 .0 18 .0 2 1 .0
10 24.0 2 6 .0 17 .0 2 1 .0
11 2 2 .0 24.0 1 6 .0 2 1 .0
02 2 2 .0 2 7 .0 15 .0 0 8 .0
13 2 1 .0 21 .0 2 2 .0 2 8 .0
Ilf 08 .0 24.0 19 .0 2 3 .0
15 2 2 .0 24.0 " 2 0 .0 27-0
Total
Mean 21.9 24 .5 19 .2 22.2
♦Scores are given in units
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APPENDIX Q
ADJUSTED MEAN GAINS IN SOFTBALL VELOCITY BY TRIALS OP 
PIETEEN FOR ALL GROUPS
Group N 1 2 3 4 5 Total
I 15 3*70 3.29 3.11 2 .1 0 2 .8 5 3 .0 1
II 15 4.86 4 .5 6 4 .6 9 4.41 4.64 4.64
III 15 3.75 3.90 3 .66 3 .88 3 .8 1 3.80
xv 15 4 .2 9 4.02 4.oy 4 .2 7 4.39 4.21
V 15 3*61 4.24 4.24 4 .0 7 3-83 4.00
VI 15 4.42 4.60 4.53 4.38 4.4o 4.47
I, II 30 4.28 3.93 3*90 3 .2 6 3.78 3-83
III, IV 30 4.01 3.96 3 .8 8 4 .0 7 4.10 4 .0 1
V, VI 30 4.02 4.42 4.39 4.23 4.11 4.24
I, III, V *5 3.70 3.82 3 .8 7 3.36 3.50 3 .8 0
II, IV, VI *5 4.52 4.4o 4.44 M 5 4.47 4.44
Total 90 4.11 4 .1 1 4.05 3.85 3.99 4.02
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APPENDIX R
MEAN GAINS IN WEIGETED-BALL VELOCITY BY TRIALS OP POTEEN
FOR ALL GROUPS
Group N 1 2 3 4 5 Total
I 15 0.25 0 .2 9 0.23 -0.13 0.05 0.14
II 15 2.59 1-95 1.97 2 .0 6 1.79 2.07
III 15 2.25 1.57 1.54 1.59 1 .7 1 1.73
IV 15 2.55 2.57 2.47 2 .2 8 2.24 2.42
V 15 1.99 1 .85 I.8 7 1.73 1 .6 8 1 .8 2
VI 15 2.99 2 .6 6 2.77 2 .5 1 2 .0 1 2 .5 8
I, II 30 1 .4 2 1 .1 2 1 .1 0 0 .9 6 0 .9 2 1 .1 1
III, IV 30 2.40 2 .0 7 2 .0 1 1.93 1.98 2 .0 8
V, VI 30 2 .4 9 2.25 2 .3 2 2.12 1.84 2.20
i, HI, v 45 1.1*9 1.24 1.21 1 .0 6 1.15 1.23
II, IV, VI 45 2 .7 1 2.40 2.40 2.28 2.01 2.36
Total 90 2.10 1.82 1.81 1.67 1.58 1.80
v m
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